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PREFACE, 



Pupils should have a Text-Book in Drawing as they have in 
language, arithmetic, geography, etc. 

1. To understand clearly the exact meaning and force of the 
printed word is one of the most essential things in language- 
study. This power may be acquired in different ways, one of 
which is to allow the pupil himself to study and execute from 
the printed directions. 

2. In ungraded schools, a part of the class, working upon 
this plan, may practice drawing while other divisions are busy 
at other kinds of school work. 

3. For reviewing term work. 

4. New pupils, and those absent from school on account of 
sickness or other causes, will be able to make up their last 
lessons without extra labor by the teacher, or loss of time by 
the class. 

5. Another consideration is the use a pupil may make of 
this manual after he has left school : a copy book is generally 
torn up or thrown away, while a text-book is often kept as a 
reference book for a whole family. 

Usually, industrial drawing books are more comprehensive 
than this one. They contain what should be done: this book 
covers only what can be done with the time and means now at 
our disposal in the public schools. 

Perspective, historical ornament, etc., have been relegated to 
the High School, where they properly belong. 

Constructive drawing for mechanics and farmers has been pre- 
ferred to pretty and showy work, but the few sections on 
"Drawing from Natural Forms" have been inserted at the 
solicitation of some teachers who wish their pupils to have 
directions for sketching botanical and entomological objects. 

For many valuable suggestions received from recent books 
on drawing, the author considers himself much indebted to 
contemporary writers. 

P. A. G. 



MATERIALS NEEDED. 



Chapter I. 1. A soft pencil for free hand work. 2. A hard 
pencil for instrumental work. 3. A straight ruler. 4. A tri- 
angle : 45, 45, and 90 degrees. 5. Another large cardboard trian- 
gle for work at the blackboard. 6. A piece of VERY FINE 
sand or emery paper to finish sharpening the pencil. 7. A 
blank drawing book, or else sheets of Manilla or other paper, to 
be tied together, at the end of the school term. 8. A 12" x 18" 
sheet of heavy Manilla paper for model making. 

Chapter II. Add to the above, a pair of compasses provided 
with pencil, ink, and steel points. 

Chapter III. Add a draughtsman's scale. 

Chapter IV and following. Add a protractor. 

Pupils having remnants of wall paper, printed cloth, etc., 
should bring them to school to form a collection, or to show to 
the class. 

The different steps in the execution of an example are 
designated in both text and corresponding figure by letters (a) 
(b) (c), etc. 

Abbreviations: ' means foot or feet; "means inch or inches; 
< > means to or from. 



CHAPTER I. 



SECTION 1. 



INSTRUMENTAL DRAWING. RULER AND TRIANGLE. 



General Directions. 

1. Pencils and all marking instruments should be held with 
the right hand. Rulers, triangles, etc. with the left hand. 

2. Lines should be dark enough to be plainly seen, but 
should not he coarse (broad). 

3. Erasing wrong lines is allowed. 

(a) An eraser should be dry and clean. If soiled, rub it 
upon a piece of rough paper until it becomes clean. 

(6) Use. Rub lightly; hold the paper so that it will not 
crease; move the rubber in one direction only. 

4. No free hand lines permitted in instrumental work. 

5. In instrumental drawing, let the work at the black- 
hoard always precede that at the desk. 

TRIANGLE. There are two kinds of triangles in general 
use : one with angles of 45, 45, and 90 degrees, and the other 
with angles of 30, 60, and 90 degrees. 

TWO DRILLS. 

Write 1, 2, and 3 upon the different sides of the triangle, as 
shown in fig. 1. 




Fig.l. Fig. 2. Fig. 3. Fig. 4. 

FIRST DRILL. Place side 1 of the triangle, close against 
the ruler, fig. 2. Change to side 2, fig. 3. Change to side 3, 
fig. 4. 
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Caution. In changing from one side to another, do not 
lift the Triangle from the black-board or paper; but, keeping 
both instruments FLAT upon the board or paper, turn the 
triangle about as shown in figures 5, 6, and 7. 



rig. b. FiR. 8. Fig. 7. 

Fig. 5. Changing from side 1 to side 2, or from 2 to 1. 
Fig. 6. Changing from side 2 to side 3, or from 3 to 2. 
Fig. 7. Changing from side 3 to side 1, or from 1 to 3. 
SECOND DRILL, gloving the ruler and triangle together 
place them in the following positions: 




Fig. 10. Tri 
angle on side 3. /Z^S. 



SECTION 2. 

RULER AND TRIANGLE. PARALLEL LINES, 
tie ruler and triangle are used: — 

To draw parallel lines. 

To draw perpendicular lines. 
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3. To divide lines Into equal parts. 

Problem 1. With ruler and triangle, to draw lines parallel 
to a given line, A B. 

£ DC A 



fit) 



Fig. 11. 

(a) Rule the given line A B. 

(b) Moving both instruments together, place side 2 of the 
triangle close to line A B. 

(c) Without moving the ruler, Slide the triangle to the left 
(keep it always close to the ruler). Draw lines C, D, E. 

(d) Instruments removed:. 

Should the ruler slip from its position, replace both instru- 
ments close to line A B, as in (b) figure 11. 
Never move the Ruler until the parallel lines are all drawn. 
Practice until you are familiar with the instruments. 

EXERCISES. 
To draw lines parallel to: — 

(1) A vertical line. 

(2) A horizontal line. 

(3) An oblique line (from the upper left to the lower 
right). 

(4) An oblique line (from the upper right to the lower left). 
Use successively sides 1, 2 and 3 of the triangle, placing the 

instruments as shown in the next figures. Use the ruler alone 

in drawing line A B; then, moving the ruler and triangle 

together, place one side of the triangle close to the line A B, etc 

Triangle on side 1. 
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Triangle on side 2, 

* A, 




Jig. IS. Fig. 19. Fig. 90. 

In the Book: According to the size o£ the blank-book, divide 
the first page into 2, 4 or C equal parts. In one of them draw 
problem I. 

SECTION 3. 

RULER AND TRIANGLE. PERPENDICULAR LINES. 
Problem 2. To erect lines perpendicular to a given Una 



fbl 



El* 21 

(a) Draw the given line A B. 

(b) Lay the ruler close to A B. 

(c) Place one of the sides of the triangle close against the ruler. 

(d) Draw perpendicular lines C, D, etc 

(e) Instruments removed. 

Caution. For perpendicular lines, remember to place first 
the rnler close to the given line, then, pat the triangle in the 
proper position against the rnler. 
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EXERCISES. 

To draw lines perpendicular to: — 

(1) A vertical line. 

(2) A horizontal line. 

(3) An oblique lino (from the upper left to the lower right). 

(4) An oblique line (from the upper right to the lower left). 
Use in succession, sides 1, 2, and 3 of the triangle. 
Problem 3. To construct a square upon a given base. 
Base 2" long. 
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(6) 
Fig. 22. 
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(c) 



(a) Draw base A B. With ruler and triangle, erect perpen- 
dicular lines (any length) at A and B. 

(6) Draw points C and D, each two inches above A and B. 
(c) Connect D C. 

Problem 4. To construct an oblong of given dimensions. 
Dimensions 2" x 3". 
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Fig. 23, 
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(a) Rule base A B, 3" long. 

(6) Erect perpendicular lines at A and B. Set off points C 
and D, each 2" above the base. 

(c) Connect D C. 

Problem 5. To find the center of a square; — an oblong; — a 
rhombus; — a rhomboid. 

Answer. Draw their diagonals, which will cross in the center 
of those figures. 

In the Book : Draw several of the foregoing examples in 
different positions. 



h 
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SECTION 4. 



RULER AND TRIANGLE. DIVISIONS OF THE 
SQUARE, OBLONG, AND RHOMBS! 

Problem G. With ruler and triangle, to divide a square 
into four equal squares; — into 10 equal squares. 
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Fig. 24. 



(a) 



Fig. 25. 
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Problem 7. To divide a given oblong into four equal 
oblongs, all similar to the given oblong; — into 16 equal 
oblongs, all etc. 
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Fig. 26. Fig 27. 

Problem 8, To divide a rhombus into four (or 16) equal 
rhombuses, all similar to the whole figure. 
Sides 2" each ; any angles. 







Fig. 28. 



Fig. 29. 



(a) Rule vertical line A B (2" long), and an oblique line at 
B, making any angle with A B. 

(6) Draw oblique line A D, parallel with B C. Set off 2" 
from A to D, and 2" from B to C. Connect D C. 

(c) Find the center of the rhombus. 
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(d) Through the center, draw lines parallel to the sides of 
the rhombus. 

(e) Divide each fourth into four other equal and similar 
parts. 

EXERCISES. 
In the same manner : — 

1. Divide a rhomboid (sides 2" x 3" respectively) into four 
(or 16) equal rhomboids, all similar to the original figure. 

2. Draw : 
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Fig. 80. 



3. To inscribe a rhombus within a given oblong ; — a rhom- 



boid within a given rhomboid. 



feu) 




(b) 








re) 


% 

% 

• 

• 








y%c) (d)^ 


#&/. 



etc. 



Fig. 31. 



In the Book : With instruments, draw specimens of prob- 
lems 0, 7, 8, and one of the exercises. 



SECTION 5. 



RULER AND TRIANGLE. DIVISION OF LINES AND 

PARALLELOGRAMS. 

Problem 9. To divide a given line into any number of equal- 
parts. 
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Into 3ds., for instance : — 
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Fig. 32. 



(e) 



(d) 



(a) Rule line A B, any length. Mark each end of the line 
with a small cross line. From A, draw line A C, making any 
angle with A B. 

(6) From A, set off upon A C any length (i", J", f", etc.) 
three times. Make these divisions exactly equal. 

(c) Connect points 3 and B. 

(d) With ruler and triangle, draw lines 2 D and 1 E, 
parallel to 3 B. 

EXERCISES. 

1. To divide into 5ths. a horizontal line 3" long. 

2. To divide into 7ths. a vertical line 2£" long. 

3. To divide into 5ths. oblique lines 2f", or any other 
length. 

Problem 10. With ruler and triangle, to divide a square into 
nine equal squares. 
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(a) Construct the given square and divide one of its sides 
into 3ds. (Prob. 9). 

(6) Draw vertical lines parallel with the sides of the square. 
Draw diagonal. 

(c) At the intersections of the vertical lines with the diag- 
onal, draw lines parallel with the upper side of the square. 

Be accurate; have your pencil point sharp, if you wish to have equal 
squares. 
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Problem 11. To divide a square into 25 equal squares, with 
ruler and triangle. 






4 

-* * » \ 

* _ * " \ » \ 

* 

m 
* 





— - / I ' — — 

■7 



(«) 



<6) 
Fig. 84. 



(c) 



Problem 12. To divide a given oblong into nine equal 
oblongs, all similar to the given oblong. 
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Fig. 35. 

EXERCISES. 



1. To divide an oblong (2" x 3|") into 25 equal oblongs, all 
similar to the given oblong. 
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Fig. 36. 



• • 

In the Book : With ruler and triangle, draw a sample of 
each problem in this section. Change the positions and sizes 
of the figures. 
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SECTION 6. 



MAKING MODELS. TWO STEPS. 

Models must be used in the drawing of solids. If you can- 
not make or procure them, do not lose your time in attempt- 
ing to draw them by simply copying printed sketches. 

As far as practicable, models should be home-made. 

The making of models with soft wood, soap, clay, putty and 
similar materials requires so little ingenuity, that no special 
explanation is needed. 

PAPER MODELS are more difficult to make, but are invalu- 
able in learning how to cover the surfaces of solids, not only 
with cloth or paper, but also with metal sheets, as brass, tin, 
zinc, etc. 

For paper models: — Use Manilla paper 24" x36" inches, 
weighing 80 lbs. to the ream, or, . according to size, its equiva- 
lent in weight. Paste with liquid glue. 

SKELETON MODELS are easily made:— 1st. of cork or of 
soaked peas, with wooden tooth picks or wire; 2nd, of card- 
board and twine. 

Do not make all models of paper; use a variety of materials, 
such as soaked peas and tooth picks, cardboard and twine, 
soap, soft wood, clay, putty, etc. 

PRISMS. 

A prism is a solid whose two ends or bases are similar, 
equal, and parallel plane figures, and whose sides or lateral 
faces are parallelograms. 

Prisms of different forms are often named from the figure of 
their bases, as a triangular prism, a square prism, an oblong 
prism, etc., ( (a) (6) (c) fig. 37). 




(aj 



(6) ™ o, (c) 

Fig. 87. 
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The cube is a prism having six equal square faces. The 
cylinder is a prism with an infinite number of sides. 

BASES OF PRISMS. 

There is an endless variety of forms used for bases of prisms. 
Figure 38 shows how new bases are obtained by dividing 
squares and oblongs into fourths, ninths, etc. 

GENERAL METHOD FOR MAKING PAPER PRISMS. 
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(a) Take the Two Steps; place the bases or ends right and 

left. 

(b) and (o). Begin at the back of the steps, imagine that the 
lateral faces of the prism are unfolding until they are flat upon 
the table or desk. 




This unfolding shows that the length of covering required for the lateral 
faces equals the length of the perimeter of either of the bases. 



16 



INDUSTRIAL DRAWING. 



§6 




..uv 



d) 



= E 






1 C : 






• A 


• 






ft 






- 


h 






C 






cL 






£ 















Fig. 40. 




(a) Draw left base, and one of its lateral faces for the bottom 
of the solid 

(b) Add right base reversed. Extend the lines for the lateral 
surface. 

(c) Let a equal A, 6 equal B, c equal C, d equal D, e equal E ; 
in other words, let lengths a, b, c, d t e, equal lengths, A, B, C, 
D,E. 

(d) For pasting, add extra surfaces at the lower end, and on 
each side of the pattern. 

Fold the paper on the dotted lines, cut it on the full lines. 
Put the shaded surfaces inside of the model. Leave the operation 
lines (pencil marks) on the outside ; they show how the model 
has been worked out, and will be of use in drawing it. 

Sharp edges are obtained by cutting slightly with a pin,, or a 
very hard pencil, the surface of the paper, on the dotted lines. 

PASTING. Pupils should keep their hands and their models 

clean. 

Begin always by pasting the shaded strip of paper which is 
at the bottom of the diagram ( (d) fig. 40.); then the shaded 
strips on the sides, and finally the ends or bases of the model. 

When the paper is too thick, it may be necessary to reduce 
the size and cut off the corners of the faces fthat are to be 
folded in. 
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NOTE. All the models should be pat into a box and kept 
for use during this and the following terms. 

In the Book: (Optional). Make the Two Steps of colored 
paper. Copy (c) of fig. 40. 

Paste only the bottom of the model to the blank -book, in 
such a manner that the prism may be set up whenever wanted. 

SECTION 7. 



DECORATION. 
REPETITION OF UNITS. SMALL BORDERS. 

By examining carefully a carpet, a piece of wall-paper, etc, 
we notice that those patterns are made by repeating certain 
forms a number of times. 

These forms are called unite. They may be dots, lines, 
flowers, or combinations of dots, lines, flowers, etc, 

Units are repeated: — 




I il 



FIS- 41. 

1. Around a center (Rosettes), (a). 

2. Along a line : horizontally, vertically, obliquely, (Bands 
and Borders), (fc) and (c). 

3. On both sides of a line, called bi-symmetry, (Borders, 
Finials, etc,) (d). 

4. To cover a surface, fAll over patterns), (e). 

EXERCISES. 
On paper, slate, or blackboard, free-band and very rapidly, 
enlarge a few of the following borders : 

Notice. A number in parenthesis refers to a former example from 
which the present one is made; for instance, 3 (1) means that example 3 
below is mads from example 1 : 
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Units: Parallel lines. 
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Fig. 42. 

Units: Two Lines making one angle. 
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Fig. 43. 

Units: Three lines. 
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Fig. 44. 

J71 the Book: 1. With pen and ink, or a soft pencil, make sev- 
eral borders similar to those above; or : 

2. With instruments, draw one of the following Greek frets: 
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Fig. 45. 
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SECTION 8. 



PAPER MODEL OF A DESK-SHAPED PRISM. 

Follow tho directions given in Section 6. Base equals 1|" x 
3"; distance between bases 2£". 




(*) 



\T^ 



fa) 








Fig. 46. 
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Fig. 47. 

In (c), face b is obtained like the others, by transferring the 
lengths B to b on the lateral surface. 

In the Book: (Optional). Work out this model as the Two 
Steps, Section 6. 

SECTION 9. 



SKELETON MODELS. (GENERAL METHOD.) 
1. Peas and tooth picks, or pieces of cork and wire. 





Fig. 48. 
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(a) Make the two bases. 

(b) Insert perpendicularly a tooth pick in each corner of one 
of the bases lying flat upon the desk. 

(c) and (d). Turn (6) over, and insert the other ends of the 
tooth picks into the peas in the corresponding corners of the 
second base. 

2. Cardboard and twine. Cut two equal 

cardboard bases. Make small holes as 

close as possible to the corners. Insert the 




Fig. 49. 



twine as shown in figure 49. 



•Work in the same manner the Desk-shaped Prism. 

Peas and tooth picks. Cardboard and twine. 




Fig. 50. 




SECTION 10. 



REVIEW OF OBLIQUE PROJECTIONS.* STATIONS. 
BASES OF PRISMS FACING FRONT AND REAR. 

Note: — In this book, the word "position" means the manner 
in which a thing is placed, and "station" means the spot upon 
which the thing stands. 



There are two methods for drawing an oblique projection: 

The first method consists in giving each line, even an 
oblique line, its regular size. This causes the object, a cube 
for instance, to appear a little longer than it actually is, 
fig. 1. To correct this effect, another method is often used. * 
It consists in foreshortening the oblique lines, as follows: 




& 



!>"' 



T (a) Draw front, ABC 

D, 2" square. 
£ Add parallel oblique 

>>.K lines, any length. 

> (&) Draw the real 
Fiff. 2. length of oblique lines 

from C to K; then, line K G at any angle less than 45 degrees with base line 
DCK. 




2* 

(O 
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Models for this lesson: — A cube, the Two Steps, and the 
Desk-shaped Prism. Do not work without the proper models 
in the hands of each pupil. 

Imagine that there is a square board stand- 
ding vertically upon the farther end of the 
top of your desk, fig. 52. 

The numbers upon the board indicate the 
different places or stations where the model 
to be drawn should be held up. 

Station 1 is directly opposite your sight; 

stations 2 and 3 are on a level with 1 ; 4 is 

above and 5 below 1 ; stations 6 and 7, 8 and 

rig. 52. 9 are in the corners of the imaginary board. 

Stations 6, 7, 8, and 9 (giving more complete views of the 
model), are used oftener than the others. 

The six faces of a cube may be called : 





Km 

9 



^n pl S 





Fig. 63. 



Hold the cube successively at the different stations, keeping 
four of its faces vertically, and its front parallelly to the board. 

The model should always be held at arm's length. 



(c) Draw lines of the rear, parallel to those of the front; G F parallel to 
B C, F E to A B, etc. 

The first method has been used with the model placed at stations 6, 7, 8, 
and 9; the second method, when at stations 2, 3, 4, and 5. This was done to 

avoid the confusion resulting from two contiguous equal 
squares, fig. 3, either one of which may be taken for the front 

of the solid. 

Fig. 3. 
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Upper left. 





lower left 




lower Side 



H ower i(\g\)t 



Fig. 51. 



PRACTICE. 



Move your cube from station to station until you know by 
heart and can name promptly the faces seen at each station. 
Free hand and instrumental. 



FIRST METHOD FOR DRAWING PRISMS. 

Imagine that the Prism is to be cut from a block. 

Place the block at station 7, in the position shown in (c) 
fig. 55. 









S 



vi*;.. A 



i 
i 

»■ 



:>*& 



(a) 



(6) 
Fig. C5. 




(a) Draw the whole block, very lightly. 
(6) Draw lightly the bases of the prism, upon the proper 
faces of the block. 
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(c) Connect the visible corresponding points of both bases, 
(1 to 1 ; 2 to 2; 3 to 3, etc.) Line in. 

Apply the same directions to the Desk-shaped Prism. 



tf • -* 


' If ► 1 


/g>g 




• • «^ • • • • od • 

* 1 * 
' 1 ^*t* 





(a) 



<*» 



(O 



Fig. 56. 



GENERAL RULES FOR DRAWING PRISMS. 

1. Place the prism in the position desired. 

2. Move the block to the proper station. 

3. Name the faces you see. 

4. Tell where the bases are (front and rear, up and down, 
etc.). 

5. To sketch your model, use one of the methods described 
in this section or in the next. 

6. Line in only the edges (lines) that are seen. 

7. You always see the front of your model, but unless the 
block is transparent, you never see more than a few of the 
lines of the rear. 

8. Do not make the farther base larger than the nearer. 

9. The lines of the front should be drawn heavier than the 
lines of the rear, which must be light. 

10. The unseen lines of the solid should be very faint, or 
dotted. 



/ / 








A / 




§ 

4 
9 
9 


r 




/ / * / 






• 
# 

§ 
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9 




/ V 


Right. 




Right 
Fig 


.57. 




Wrong. 



The Two Steps at stations 9, 6, and 8, are drawn in the same 
manner. 
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In the Book: Free hand, or with instruments, draw four 
views of the Desk-shaped Prism at stations G, 7, 8, and 9. 



SECTION 11. 



REVIEW OF OBLIQUE PROJECTION. 
SHORTER METHODS. 

Models : Use the cardboard and twine models of the Two 
Steps and the Desk-shaped Prism. 

SECOND METHOD. To simplify method one :— 



s/r '-.-_'.. .1 jr ^*r ^r ^r 

— : n — I '• i — V^^J^]^ 

. I i I \^ 



(a) (b) Fig. 58. (c) 

(a) Draw the base yon see. 

At the proper angle, draw a line (oblique in this case, vertical 
or horizontal in others) showing the direction of the second 
base, and its distance from the front base. 

(b) Draw the second base very lightly, and exactly like the 
first base. 

(c) Connect the visible corresponding points of both bases. 
Line in. 

THIRD METHOD. Shorter still, but hot so easily under- 
stood by beginners as the first method. Draw only the lines 
actually seen. 



I ^^ - s^ ^y ^^ 



(a) 



(b) 



(0 



Fig. 59. 

(a) Sketch the bases yon see. 

(6) Draw the visible oblique parallel lines connecting the 
two bases. Make them all of the same length. 

(c) Draw the visible lines of the second base, parallel to the 
similar ones in the first base. 
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This method is used when the oblique lines are short, or to 
do away with the construction lines. 

EXERCISES. 
Draw very rapidly :— 

1. By second method : Steps at station 9. 

2. By third method : Steps at stations 6 and 8. 

In the Book : With free hand, or instruments, draw views 
of the Desk-shaped Prism at stations 6 and 7, by the second 
method ; and at stations 8 and 9, by the third method. 



SECTION 12. 



DECORATION. 9 

GENERAL DIRECTIONS. SMALL BORDERS. 

General Directions. 

Each pupil should : 

1. Take from the school collection of patterns, or bring to 
school, pieces of carpet, cloth, wall-paper, eta, containing the 
units used in each lesson. 

2. Make or procure the units needed for each lesson; as, 
splints, colored papers cut to the proper shape, natural leaves, etc. 

3. Arrange the3e units in different ways upon the desk or 
the slate, making patterns as directed. 

4. Sketch the best designs, on paper, in the blank drawing- 
book, or upon the blackboard. 

5. Read "Harmony of Colors" in Calkin's "Manual of Ob- 
ject Teaching'" or in other books on colors found in school or 
public libraries. 

Different patterns are made with the same units, by varying: 

1. Their positions. 2. Their sizes. 3. Their angles. 

4. Their distances. 5. Their lines (changing straight lines into 

curves, or curves into straight lines). 6. By adding new lines. 

7. By subtracting lines partially or entirely. 
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Units. Make 8 or 10 units of each of the following shapes : 



LlD 



D 



C 



Z7 



'£=7 



Fig. 60. 



Note. — A square, cut on its two diagonals, will make four 
triangles. Work according to " General Directions." 

Read "Notice" before figure 42. 

Unit: The triangle. 



Position k k kk . fcNKSimi XXII \>< t>< » < fli 

1 2 3 n. 



cbl/R»TRACTlNG(^ 



6 



5 



3 (3) io <T} 11 (^) 

Fig. 61. 

Unit: The square. 



posiTiorf CLO D OOO aOQO ffc.foE a°Q°Q t Q»Q<> 

i£ 13 1* t5" 02) 16 (O) 

D<>Do rTc T)isTANC£ DOCC ^^.TcIoha^S® gg333 

^1 



17 



16 



19 



£0 



To No 12. 




Sv&Tkmt ,nc * 

InTE^LACI^ 



Unit: The oblong. 



Fig. 62. 



Position D D D [ 



34 
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38 



3£ 
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40 (37) 41 (,)#) 




Fig. C3. 
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Units: The rhombs. 



PosiTfUN ocjol oooq /y^a^i gJ5J2i 000C oo<e QoQo 

OiSTANCC ^Q^ OOC» ggga ^^T^t {$$$$ >fi$^ <Q><Q> 

Size •QoQe»#M 000^5 ^BT^T'^ <^3S i\ppiN(5 {JOgg* Q>BQ< 

Fig. 64. 

In the Booh : Draw one or two borders composed of the 
foregoing units. Color them, or, if you have not the colors 
desired, draw in black, giving different shades to the units and 
to the background, according to the intensity of the coloring 
needed in the pattern; or, paste paper units upon paper of 
another shade or color. 
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CHAPTER II. v, 

SECTION 13. 



USE OF COMPASSES. DIVIDING CIRCLES INTO 

SIXTHS. 

Read "General Directions," Section 1. 

Compasses are used to describe circles and arcs. The head 
or joint should be held between the thumb and the first two 
fingers of the right hand. 

The steel and the pencil points should be of the same length. 
Do not use both hands to open and close the compasses. 
Do not press hard on either point of the compasses. The pen- 
cil point of the compasses should be wedge-shaped. 

Problem 13. To describe a circle, with a given radius. One 
inch, for instance: 

(a) Draw center A. Take 
off (i. e. measure off or put 
between the points of the com- 
passes) a radius one inch long. ' 
(G) Fig ( . 6 65. Placing the steel point of the 

compasses upon A, and beginning at point B, roll the head or 
joint of the compasses between your fingers, describing a com- 
plete circle. 

Practice this exercise until it is well mastered. 

(b) In the same manner, describe parallel arcs and concen- 
tric circles. 

Problem 14. To divide a circle into sixths. 

(a) Describe a circle, any radius. 

(6) Set off this same radius six times 
upon the circumference of the circle. 
Try until you halve six equal parts. 

(o) Fig. 66. (6) 

(c) Draw diameters connecting opposite points B E, C F, D G. 
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APPLICATIONS. 




Parallel lines and arcs may be added to any of these figures. 
In the Booh: Draw several applications similar to those in 
figure 67. 

SECTION 14. 



COMPASSES. BISECTING. DIVIDING CIRCLES INTO 

EIGHTHS. 



Problem 15. To bisect a given line, A B. 



A 



— « 



*_ 



► 



ft 






A 



•/.'c 



—I 



A 

i— 



\\c 



ja 



:o 



• (a) (b) Fig. 68. (c) (d) 

j (a) Draw line A B, with cross lines to mark its extremi- 
ties. 

(b) With A and B as centers, and a radius large enough, 
describe equal secant cutting circles. 

(e) Draw line C D. 

(d) Describing whole circles is unnecessary; arcs intersect- 
ing in C and D are sufficient. 

Draw the same problem in different positions. Do not 
guess at the operations. 

Problem 16. To bisect an arc of a circle. 

Work exactly as in problem 15. 






(a) 



(ft) 



Fig. 69. 



(c) 



(d) 
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In different positions: 



*7 



r**r 




Fig. 70. 



APPLICATIONS. 



To divide a circle into 4, 8, 16, etc., equal parts. 





• 
••« Jfe 4'-' 




(a) Describe a circle, and draw its diameter M. 
(6) Bisect diameter A M B. (Quadrants). 

(c) Bisect arc A C. Produce the line to F. The line bi- 
secting an arc always passes through tfte center of the circle to 
which that arc belongs. 

(d) Bisect C B. Produce the line to H. 



Fig. 72. 



Fig. 73. :-— 
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Fig. 74. ic- 
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In the Book: Draw four of the foregoing problems, or their 
applications. 



\ 
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SECTION 15. 



COMPASSES. TANGENT CIRCLES. 

Problem 17. To draw a line parallel to a given line, A B, 
at a given distance from it. Distance f ". 



; a 



2 _ \ I A i 



s : : A 






I 1 



.»* ■■ «■». 



^ 



(J 



.«." 



»» »f 



:*■ .■■ 



(a) 



Fig. 7e. 



(«) 



(a) Draw line A B. With a f " radius, describe circles hav- 
ing their centers, 1 and 2, anywhere in line A B. 

(b) Draw the line tangent to the circumferences of the cir- 
cles. 

(c) The same, with two tangent lines. It is not necessary 
to describe whole circles; arcs are sufficient. 

Problem 18. To describe circles tangent externally. 



ii c 







Fig. 77. 

(a) Rule line A. From center A, any radius, describe a 
circle. From B, set off the radius of the second circle in C. 

(6) From center C, radius C B, describe tangent circle. 

(c) Same problem, with circles of different radii. 

Fig. 77. Same problem; circles tangent Internally. 

Work similarly. 




(a) 



[--♦-- 
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Fig. 78. 
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Fig. 79. 



In the Book: With instruments, draw several of the forego- 
ing, or similar figures. 



SECTION 16. 



USE OF DIVIDERS. 

Compasses with steel points are called dividers. They are 
used for dividing, or transferring lengths and distances. 
Read about compasses, Section 13. 

Problem 19. With dividers, to bisect a given line by trial. 
Line 2 £ " long. 




B 



ft 



AA 



(a) 



(6) 



Fig. 80. 



C 

(O 



(a) Draw line A B, with cross lines at its ends. 

(6) Placing one of the points of the dividers upon A, move 
the other point until it appears to be upon the middle of the 
line A B. 

(c) Revolve the dividers upon the steel point (on C,) mak- 
ing another span equal to A C. 

If, as in this figure, the dividers fail to reach B exactly, 
(without moving the steel point from C) increase the second 
span by £ the difference between B and D; then, beginning 
again at A, try anew until you succeed. 

Should the first span be too great, reduce it by one-half the 
excess. 

Problem 20. With dividers, to divide by trial a given line 
into 3ds, 5ths, etc. 
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Proceed as in the last example. If there is a difference, the 
span should be reduced, or increased, by one-third, or one-fifth, 
etc. of that difference. 

If you do not succeed at first, try, try, try again. 

Problem 21. With dividers, to set off equal lengths along 
a line. Given lengths £". * 

A A A ft C D 

******* 7 
(O) lb) (C) 

Fig. 81. ** 

(a) Draw an indefinite line, A. 

(6) Measure off J'' with the dividers, and, beginning at point 
A, prick the paper, along the line, as many times as needed. 

(c) Draw cross lines, letters, etc. 

EXERCISES. 

1. Draw similar exercises, taking other dimensions and 
using vertical and oblique lines. 

2. By trial, divide a number of circles and arcs into several 
equal parts. 

In the Book: With dividers, by trial, divide a circle into 5ths., 
9ths., lOths.. etc., and make a design. 



SECTION 17. 



DECORATION. 

BORDERS. CIRCLES AND DOUBLE SEGMENTS. 

Models. — Colored paper circles of two or three dimensions; 
double segments of different sizes, fig. 83. 

Work according to "General Directions," Section 12. 

In making a pattern with circles, you may change : — 

l.i Their size. 2. Their shape (ellipse, oval). 3. The dis- 
tances from centers to centers. 4. You may use parts of 
circles (sectors, segments). 5. Add or subtract. 
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Samples. Free hand, or with instruments : 




Fig. 82. 

DOUBLE SEGMENTS. 



(a) 



(b) 



(O 



Pd)$ 



Fig. 83. 



«0 



ft-©- 



(") Segment, (b) and (c) Double segments, (d) Modifica- 
tions. 

A few combinations : 



B5C0 1 (DO? MM S ^? a> §? 



S 



/<? 



// 



12 



0^§^^^WM^S^ £ Tc 



</3 



74 



*,T 16 17 18 1d 

Fig. 84. 

APPLICATIONS. 



zo 



2,1 




Qf\EEK,ETC. (BfaEEK. 



Indian! 



QioTH'C 



JV)lDDlE /\QES.. 




*<w|ttty»mtt"MH{p»^ y 



»; 



\ i» 



wm^TWs 




Roman Chinese <$othic EOYPTian Middle Acits 

Fig. 85. 

In the Booh: Draw a few of the foregoing, or similar borders. 



SECTION 18. 



OBLIQUE PROJECTION. BASES OF PRISMS 
FACING UP AND DOWN, RIGHT AND LEFT. 

Models: — The Two Steps, the Desk-shaped Prism, etc. 

In an oblique projection, you will notice that although all 
the faces of a cube are squares, its upper, lower, left, and 
right faces are drawn as rhombuses (fig. 86). 
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For the same reason, oblongs are represented by rhomboids, 



(fig. 87). 




Fig. 88. 



Fig. 87. 



All the divisions and 
figures drawn upon the 
oblique faces of these solids 
are changed in the same 
way, i. e., a square division 



becomes a rhombus; an oblong division, a rhomboid; etc. 



r 
r 



A 



V\ 



V. 



f\ i\ 



V\ 



/■ 






• i 

A 



\ 
\ 




(a) (5) Fig. 88. (c) 

This enables us to draw the bases of any prism, facing not 
only front and rear (a), but also left and right (&), up and 
down (c). 

In the same manner, any of the following front and rear 
bases may be turned up and down, left and right: Stations 7 
and 9, or 6 and 8. 






Fig. 89. 

Now, move the model to station 7, in the position shown in 
(c) fig. 90. 

Note. The following methods have already been explained in Sections 
10 and 11. The only change consists in drawing the bases up and down, 
left and right, instead of front and rear. 

First Method. 



4 

' i 






■ / 



! • 



(a) 




Fig. 90. 
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Second Method. 


Third Method. 
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(a) 



(&) 



(0 



(a) 



(W 



Fig. 91. Fig. 92. 

Caution. Do not draw an oblong for a rhomboid; ex: — 

By one of these methods, draw rapidly, 

* , > — y free hand, the Desk-shaped Prism. Bases 

\/// U P and down. Station 7. Turn your 

Fi 93 sketch about in front of your eye, to have 

other views of it. 

Move the models to the stations, and turn them in the differ- 
ent positions required to have the following views of them. 






tf> 



(*) 



W 



(A) 



(5) 




ifi) 



w 




Fig. 94. 




In the Booh: Draw, either free hand or with instruments, 
several sketches of the Steps, and of the Desk-shaped Prism. 



SECTION 19. 



FREE HAND DIVISION OF LINES INTO FIFTHS. 

1 — (a) Free hand, shoulder movement, draw a horizontal 
line, any length, (b) By guess, divide the line into fifths, (c) 
With a piece of paper, measure off i, and find out if all the 
other divisions are alike. 

Caution, Do not correct your work ; simply find out your 
mistakes. 
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Putting the measure aside, try again with lines of different 
lengths and in different positions. Examine your work at 
arm's length. 

After a few times, do not measure any more; trust your 
eye entirely. 

2. In the same manner, and without measuring, divide a 
four or a six inch square into twenty-five equal squares — into 
100 equal squares. 

APPLICATIONS. 






You may change Borne of the straight lines into c 
double lines, etc. Examples: — 




In the Book: Make an original design on the 100 square pat- 
tern, or copy one of the foregoing figures. 



MAKING PRISMS WITH TRIANGULAR AND 
HEXAGONAL BASES. 



Problem 22. With instruments, to construct an equilateral 



triangle upon a given 




Base 2" long. 

(a) Draw line A B, 2" long, 
(J) With A and B as centers, 
t and a radius equal to the length 
of the base, describe arcs inter- 
secting in C. 
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(c) Connect A C and B C. 

Problem 23. To construct a regular hexagon upon a given 
base. Base 1" long. 

.•"/"'•, .^T*^ ( a ) Draw vertical line A B, 

FIg -9& (&) With Cos a center, radius 

A B, describe a circle; divide its circumference into sixths. 
(c) Connect the points of division. 

Follow carefully "Directions for making paper Prisms," 
Section 6. 

In the same manner, make one or both of the following 
prisms : 

EQUILATERAL TRIANGULAR PRISM, 
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SKELETON MODELS. 





In the Book: (Optional). 
Work out these models as the 
Two Steps in Section 6. 



Fig. 101. 



Big. 102. 



SECTION 21. 



OBLIQUE PROJECTION. 
TRIANGULAR AND HEXAGONAL PRISMS. 

With instruments, draw rapidly the bases of a Triangular 
Prism in different positions. Example : — 




Fig. 104. 

(a) Bases front and rear. (6) Bases right and left, (c) Upper 
and lower bases. 

In these examples, base lines 1-2 are all the same length, 
and altitude lines 3-4 are all the same length. 

Use one of the methods in Sections 10, 11 or 18, to draw 
this solid in different positions and at different stations. 

The Hexagonal Prism is worked in the same manner. 




Fig. 105. 
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Note. The dimensions of the rhombs and their divisions 
in (b) and (c) are exactly those of the oblongs in (a). 

Draw this solid in different positions, and at different 
stations. Samples: — 





(i) (») (S) 

Fig. 106. 

In the Book: Sketch four different views of these solids. 
Free hand, or with instruments. 



SECTION 22. 



OBLIQUE PROJECTION. 

BLOCK LETTERS. BASES FRONT AND REAR. 

« 

Instead of the inch, any length may be used as a unit of 
measurement. 

Make an oblong 5 lengths high by 3 lengtlw wide. Divide 
by lengtfis as in first oblong, fig. 107.. 

All letters of the alphabet may be made upon this frame, 
except I which is 1 length wide, J 2£, M 4 or 4 J, ai.d W five 
lengths. 

However, in the following alphabet an additional \ length 
has been given to the width of letters A, K, V, X, and Z. 

] /zn 



i i f I 

• ■*« <^»« mm* 

LLU 
1 I I I 

• m~~ -mt ■ mmi* 

LLiJ 
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u V5 




m 





Y/71 



Fig 107. 
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Draw six long horizontal lines, and vertical lines making 
squares with the others. Sketch rapidly the initials of your 
names. 

When these letters are cut from metal, wood, or stone, they 
are real prisms whose ends or bases are the faces of the letters. 
Draw them as you did the other prisms. 

Draw block letters 5 lengths high, 3 lengths wide, and \ 
length thick. Faces front and rear. Imagine these letters to 
be at one of the four stations, 6, 7, 8, or 9, on the imaginary 
board. Section 10, fig. 52. Example: 

(3i (^ {(^ ^ 



=3) 




b 



3V 



1 



p 




^ 



k3 



fa 




i^v? 



Fig. 108. 



In the Book: Print your name, or that of the school; — a 
short motto; — a title, etc. 



SECTION 23. 



BLOCK LETTERS IN DIFFERENT POSITIONS. 



w 



Or 

S 

H 

/ 



U 



:p:.'i 



abed 













Fig. 109. 



Faces of letters in different positions. 

(1) Front face of the block letter. To distinguish the hori- 
zontal from the vertical lines, number one set and letter the 
other. 

(2) (2) (2) (2) Faces fronting left and right, up and down. 

(3) (3) (3) . . . .The. same with the thickness. 

In the Book: As in last section, print names, mottoes, etc. 
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DECORATION. 
PARTS OF A DESIGN. SYMMETRICAL TRAPEZIUMS. 
The parts of a design are generally:—- 

1. The enclosing form, (<r). 

2. The divisions of the 
enclosing form : — The mar- 
ginal band (".); the center 
(a); the main and construe- 

w tion lines. 

Fig. no. 

3. The unit or units (b), which should cover about two- thirds 
of the space within the enclosing form. This space is called: 

4. The Held or background (a). The part of it not covered 
by the units is shaded in (c). 

Models: Colored paper units, as in (b), fig. 110. 
Work according to "General Directions," Section 12. 
Read "Note" before rig. 42, Section 7. 
Samples: 

po*.t.on 1 1 Cii aaa/ 1M2M MSI! IHs§ 




11 ■ fZ ' 1A (-tor 6) / 

Fig. 111. 

Samples of Rosettes: 




In ilte Book: Draw a few of the foregoing, or similar patt- 
erns. Finish them as in fig. 44, Section 7. 
Some of the lines may also be changed into curves. 
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CHAPTER III. 



SECTION 25. 



DRAUGHTSMAN'S SCALE. 

A point has position, not dimension. As points cannot be 
seen, small clots are used. 

Caution. Make your points (dots) dark but very small. 






ABC 
(a) 




(6) 



Fig. 113. 



(0 



(a) The place where the two lines meet or cross each other 
is-called a point. A, B, C, D, E, are points. 

(b) In order to be more easily found, points are sometimes 
surrounded by squares, triangles, etc. 

(c) Letters (A, B, C, etc.), or figures (1, 2, 3, etc.), are used 
for the names of points. 

DRAUGHTSMAN'S SCALE. 

A scale is a contrivance by which any small distance, as an 
inch, for instance, is taken to represent a foot or any other 
measure of length. 



/A/CM 



SCALE 



9 $ 



3 o 
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h/Jl^\//7fi 



\ 



Fig. 114. 



Place the scale in front of you, so that the inch scale shall 
be on the upper edge, fig. 114. 
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REMEMBER:— 

1. That each of these inch spaces on the scale, represents 
one foot. 

2. That each ^ of an inch space on the scale, represents 
one inch. 

3. That spaces representing feet are on the right, and that 
spaces representing inches are on the left of the zero-line. 

Therefore, begin to count the feet from the zero-line to the 
right, and the inches from the zero-line to the left. (Fig. 115.) 



a 



z*i.t/\e*r 



— > . i i . r- 

9 (5 3 



One^>ot 



I 



Onejbot 



One jfy 



\ 



ZERO LINE 



\ 



Fig. 115. 

Caution. * Do not mistake lines for spaces ; 

for instance, do not call the three spaces in 
fig. 116, four inches because you see four ver- 
tical lines. You have but three spaces or 
Fig U6 three inches. 

Problem 24. To set off distances with the scale. 

NOTE. To set off or lay off a length is to mark off the extreme points of a 
given length. 







A B 


(a) 




A Ho % \ 









A rc) < z 


> 




(a) K y 




> 



Fig. 117. 

1. Using the inch-scale, draw lines representing 1', 2', 3'. 

(a) Place the inch-scale as directed above. Draw dot A 
opposite the zero-line, and dot B opposite the foot-line 1 on 
the right. 

(b) Connect A B ; write conventional signs and the length. 

(c) and (d) Proceed in the same manner for the 2' and the 3' 
lines. 

Repeat the same exercise with vertical and oblique lines. 
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2. To set off 1' + 2' along a line. 

A ft 

*** \. ..,.. . . ., (a) Draw an indefinite 

f fr * ...?•.- - x 2' -i line, A. 

Fig. 118. 

Placo zero-line of the scale close to point A ; draw point B 
opposite line 1 on the right of zero-line. 

(6) Move zero-line opposite B; draw C opposite 2 on the 
ri*ht. 

Another way is to draw B one foot from A, and then C 
opposite line 3, without moving the scale. 

Do not forget to write dimensions, conventional signs, etc. 

Repeat the same exercise with vertical and oblique lines. 
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DRAUGHTMAN'S SCALE. (Continued.) 

3. To draw 3", 6", and 9", respectively, with the scale. 

A B A 8 

(b) ^ (J>* ft 



& 6 3 () 



fa) 



Fig. 119. 

• (a) Draw point A opposite the 3" line,, and B opposite the 
zero-line. 

(b) Remove the scale, and connect A B. Write lengths, etc. 

(c) and (d) Draw 6" and 9" lines in the same manner. 
Repeat the same exercise with vertical and oblique lines. 
4. To set off 3", 6", 9" along a line. 

(a) AS _. (a) Draw line A, any length. 

* J "* ~ Place the 3" line upon A. Draw 

<3*x 6° > : B opposite the zero-line. 

(C) <3"x ft» x *» > — ( & ) ^ ove fcne scale unfcil tne 6 " 

Fig. 120. line is opposite B. Draw C opposite 

the zero-line. 

(c) Move the scale again, placing the 9" line upon C. Draw 
B opposite the zero-line. 

Draw similar exercises with vertical and oblique lines. 
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5. To set off along a line 4" + 5" + 7" + 2" + 8" + 10". 
Proceed as in last exercise. 

Draw similar exercises with vertical and oblique lines. 

6. To set off along a line 1' 3" + 1' 6" + 1' 9". 

(a) c 



< //J" > 



r&)£_ 



5 



< V.5" x 1*6" > „ 

(c) * £ 5_ 

< //J" K /'<>" * 1'&" > 

Fig. 121. 

(a) Draw an indefinite line, A. Place inch line 3 upon A. 
Draw B opposite foot line 1. 

Caution. Do not draw any mark opposite zero-line. 

(b) Move the scale until the 6" line is opposite B. Draw 
C opposite foot line 1. 

(c) Place 9" line upon C. Draw D opposite foot line 1. 
Write dimensions, signs, etc. 

Draw similar examples with vertical and oblique lines. 

Measure objects — desks, charts, boxes, teacher's table, panels, 
width of doors, windows, benches, height of blackboard, pupil's 
desks, chairs, etc. Draw the same according to the inch-scale. 

7. To draw an indefinite line, and to find the length it 
represents, according to the inch-scale. 

Draw a line with cross lines at its ends, measure with the 
scale, write conventional signs, number of feet and inches, etc. 

Draw other exercises of the same kind with vertical and 

» 

oblique lines 

In the Book: Draw samples of the foregoing work. Be 
very accurate. Have pencils with sharp points. 



SECTION 27. 



COMPASSES. PERPENDICULAR LINES. 

Problem 25. To erect a perpendicular line through the mid- 
dle of a given line. 

Work this problem exactly as Problem 15, Section 14, "To bisect a given 
line/' 
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Problem 26. To erect a perpendicular line at the extremity, 
B, of a given line, A B. 



(a) 



(b) 



V 



A 



» * 



>E 



8/ 



(C)\ 

■ 

A 



V 



» » 



*•... 



fr 



f3 



Fig. 122. 



(a) Draw A B. 

(6) Describe circle B D, taking as its center any point, C, 
anywhere outside and opposite A B. 

(c) Draw diameter D C E, and perpendicular line E B F. 
Erect lines perpendicular to the following given lines: 






The dotted lines show where the 
perpendicular lines are desired. 

Fig. 123. 

Problem 27. Construct a square upon a given base. ( No 
triangle used; no guess work.) 
Base 2" long. 



A»- 



t 4 

\ " 

-I,' - 



:>& A« 



» 
i 



D' 



?B -A* 



C D? 



a 




(a) (6) Fig. 124. (c) (d) 

(a) Draw base A B, 2" long. Erect perpendicular line at B. 

(b) Take off A B and set it off in A D and in B C. 

(c) With the same radius, and C as a center, describe another 
arc in D. 

(d) Connect D A, and D C. 

Problem 28. To construct an oblong of given dimensions. 
Oblong 2" by 3". 



A- 



■v 



• • • ^ 



D 



-C jD 



■i* 



(a) 



i&) 



rrr^'te A- 

Fig. 125. 



V 



rTtro /> 




777^13 



(c) 



(d) 
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Head Problem 27. Change only the dimensions. 

Problem 29. To circumscribe a circle about a given square. 

c (a) Construct the square draw 
its diagonals to find its center. 



•\ 



• » 



V 







(b) From its center E, radius A 
_______ E, describe circle ABCD. 

(a) Fig. 126. (6) 

Problem 30. To inscribe a circle within a given square. 

(a) Construct the square, and 
£ draw its diagonals. To find the 
length of the radius of the in- 
scribed circle, bisect D C, in F E. 

(c) With center E, radius E F, 
A % ^r.' r ft describe the circle. It should be 

(a) ng. 127. d) tangent and not secant. 

In the Book: Draw any of the foregoing problems. 




A^._.X fc 




SECTION 28. 



# 



COMPASSES. 
TRIANGLE CONSTRUCTION. PERPENDICULAR 

LINES. 

An equilateral triangle has three equal sides. 
An isosceles triangle has two equal sides. 
A scalene triangle has no equal sides. 

Problem 31. To construct triangles, the three sides of each 
being given. 

1. An equilateral triangle: base 2'. 






(a) 






Yt'C 






4s 




3 j A 




0» 



Fig. 128. 



(c) 



«*> 



(a) 2' base. Radius A B, center A, describe a circle. 



% 
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(b) Same radius, center B, describe another circle. 

(c) Connect C A, C B. 

(d) The same, simplified. 

2. An isosceles triangle: base 1' 6"; sides 2' each. 



,*\ 






* / 



' ^-yi J9\ ; 



VtfV 



• i 









y % 
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(a) 



(6) Fig. 129. 



(c) 



(d) 



This is the same problem as the last. The only difference is 
in the length of the radius for the sides. 
3. A scalene triangle: sides 1', 1/ 6", and 2'. 






\c... 



■s — r-~iB » 







: — »— ^ jj • 




,-:» 






(a) 



Fig. 130. 



(O 



This is again the same problem, except in the length of the radii. 

Problem 82. At any point in a given line, to erect a perpen- 
dicular to that line. 



,' 



A 



C 



(a) 



\T 



(6) 
Fig. 181. 






>:d 



b 



hr-i 



;Z 



B 



(c> 



(a) Draw line A B and given point C. 

(b) With C as a center, any radius, describe a circle. Bisect 
1-2 upon line A B. 

(c) The same simplified. 

Draw similar problems with vertical and oblique lines. 
Problem 33. From a given point outside of, and opposite 
a given line, to erect a perpendicular to that line. 

4 
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oC 



/ a 



<)C 



s* 



r 



D 



i* 



'Z 



(a) 



(6) 
Fig. 132. 



(c) 



Same directions as in last problem. 
Application, To find the altitude of any triangle. 

£ C 





(a.) 



ft *"--;-- Q 



W 





Fig. 183. 

(a) Construct a triangle. 

(6) From C, erect a perpendicular to A B, as in Problem 33. 
C E is the altitude wanted. 

(c). Another method. From center A, radius A C, describe 
arc C D. From center B, radius B C, describe arc C D. Con- 
nect C D. The altitude is C E. 

(d) When the vertical angle C, is not opposite the base A B, 
extend A B. 

In the Book: Draw examples of each of the foregoing 
problems. 



SECTION 29. 



ENCLOSING FORMS FOR ROSETTES. 
MARGINAL BANDS. 

Marginal bands should be neither too broad nor too narrow. 
They should not attract more attention than the center of the 
design. 

Enclosing forms: — 





OO 




oo 




Fig. 184. 
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New enclosing forms are made :— 

(a) By changing the corners of polygons. - An oblong, for 
instance: 

Q — 



O 




Fig. 185. 

(6) By changing the middle of the sides: 




IF 



.s 1 



Fig. 18*. 

(c) By changing straight lines into curves: 





Fig. 137. 

In the Book: With instruments, draw several of the above 
or similar enclosing forms with their marginal bands. 



SECTION 30. 



PAPER MODELS OF PRISMS HAVING IRREGULAR 

BASES. 
Review Section 6. 

Dividing the bases into unequal parts : 

Modifications of the Two Steps. 



a) 



(S) 



JIT 




IT) 






(9) 



• * * 

• § 
I I/ 



f/f) 



» ■ • fcMB^ 



j 



(jo; 

Fis. 1C8. 



T3> 




(11) 



(11) 



etc. 
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Modifications of the Greek Cross. 




; etc. 



i etc 



(8) 



(*t) 



(12.) 



Fig. 139. 



All prisms should be made according to u General Method 
for making paper prism/ 9 Section 6. 

Sample of a paper prism having irregular bases : — 




••-Ute^l;-- 
i Surface; 



t,»v/*-«* 



(ajk(6j 



(C) 

Fig. 140. 

Make a paper prism with bases different from those used by 
anyone else in your class. 
In the Book: (Optional). 
See " In the Book," Section 6. 



SECTION 31. 



OBLIQUE PROJECTION. 
PRISMS HAVING IRREGULAR BASES. 

With the construction lines left upon the bases of your 
model, you will readily find the original shape and divisions of 
these bases. Reproduce the same with their real dimensions. 
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Examples of bases in different positions: 








Fig. 141. 



(c) 



(a) Bases facing front and rear, 

(b) Bases facing right and left. 

(c) Bases facing up and down. 

In the same manner draw the visible base of the prism you 
have made ; then draw the thickness of the solid. 
Do not draw the following eaximples: 






Fig. 142. 



In the Book : Free hand or with instruments, draw four 
different views of prisms having irregular bases. 



SECTION 32. 



FREE HAND, DIVIDING CIRCLES INTO FIFTHS. 








(c) 
Fig. 143. 



(d) 



(«> 



(a) Describe a free hand circle. 

(b) Upon its circumference, by guess, space five dots equally. 

Do not measure. Trust your eye. 

For better examination, turn the work about, at arm's length, 
in front of your eye. 

Applications : (c), (d), (e), fig. 143. 
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To divide a circle into lOths, bisect each fifth by < 
each radius until it becomes a diameter. 



c ten ding 



(a) Circle divided into tenths. 

(6) Regular pentagon. Describe the inner circle with a 
radius equal to about i the radius of the large circle. 

(c) Add tangent curves on the middle of each side of the 
pentagon. 

(d) Add details and a marginal band. The latter, however, 
is not shown in the figure. 





Rosette, (a) Regular pentagon. Divide its sides into 
fourths. 

(b) Through last points of division, describe light tangent 
curves. 

(<■) Draw eyes and lines of curling petals. 

(d) Finish petals by drawing reversed curves; draw center, 
etc. Do not measure. Examine the work at arm's length. 
Use shoulder movement. Work rapidly and lightly. 

In the Book: Draw rapidly one of the foregoing figures, on as 
large a scale as possible ; leave at least one inch margin. 



Models. 

objects. 



SECTION 33. 

ORTHOGRAPHIC PROJECTIONS. 

WORKING DRAWINGS. 
An oblong prism, chalk boxes, and other similar 
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Solids have three dimensions: height, width, and length. 

In this book, by height is meant the distance from the lower to the upper 
side of a solid; by width, the distance from the right to the left side; by 
length or thickness, the distance from the front to the rear. 

Place the model at station 1, in such a position as to see one 
of its faces only. Draw that face. You have drawn the 
height and the width of the model. This is called the front 
view, or front elevation. B in (6) fig. 146. 

Now, place the same model on your lap ; then, looking 
down, move your head over it until you see only the top of the 
solid. Draw that face above the elevation. You have drawn 
the width and the length of the solid. This is called the top 
view, or plan. A in (6) fig. 146. 

In both cases, the model is supposed to be flattened against 
the wall, or against the floor, each line and point being projected 
perpendicularly to those surfaces. 

Draw the plan above the elevation. Sometimes the plan is 
drawn below the elevation, or even on a separate piece of paper. 

In (6), figure 146, the dotted lines show the connection 
between the plan and the elevation. 

When the dimensions of the lines are given, these drawings 
are called working drawings. 




Fig. 146. 




Fig. 147. 



Draw the working drawings of the same oblong prism in the 
positions shown in fig. 147. 

In the same manner, measure and draw the working draw- 
ings of a chalk box, or any other small cubical box. 

On paper use your inch-scale, taking three inches of the 
scale for each real inch of the box. 

In the Book: Draw the working drawings of a box. Write 
its dimensions. 
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WORKING DRAWINGS. (Continued.) 

CAUTION. Do not work this section unless each pupil has 
the proper model (Two Steps) to work with. 

1. To draw the working drawings of the Two Steps in the 
position shown in (a), fig. 148. Bases front and rear. 





LttrjM 



* 



(a) 



Fig. 148. 



3- 
(b) 




Fig. 149. 



Begin with the elevation. To form a better idea of the plan, 
place the model on your lap; then, looking down, move your 
head over it, until you see its horizontal faces only. 

RULE : Vertical surfaces are never drawn on a plan. 

Freehand, draw rapidly the plan and elevation of (1), (2), 
(3), fig. 149. 

2. To draw the working drawings of (a), fig. 150. Bases 
facing up and down. 




Fig. 150. 



Fig. 151. 



Draw the plan first, because it gives you one of the bases. 

To have a correct view of the elevation, move the model, at 
arm's length, opposite your sight, until you see the vertical 
faces only. You must not see the right or the left, the upper 
or the lower faces. 

RULE : Horizontal surfaces are never drawn on an eleva- 
tion. 
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Draw the working drawings of the Two Steps in the posi- 
tions shown in (1), (2), (3), fig. 151. 

3. To make the working drawings of (a), fig. 152. Bases 
right and left. 




1JL 



:< ** >: ti?*ii m > 



Zf >* 



(a) 



Front 



EUvATiort 



•v 

(b) 
Fig. 152. 



Zrt 



Side 
*/j» \£leralion.. 



(0 





Pig 153. 

In this case we need a side elevation, because the bases are 
neither in front nor on top, and we would not otherwise have 
a clear description of the Two Steps. 

Draw the working drawings of (1) and (2), fig. 153. 

In the Book: Draw two different views of the model (in 
oblique projection) ; then, under each sketch make the working 
drawings of the same according to its position. Use the model, 
divide the page into halves by a vertical line through its cen- 
ter. Write dimensions and the words, "Plan," "Elevation." 



SECTION 35. 



WORKING DRAWINGS. (Continued). 
1. To draw plan and elevation of (a), fig. 154. 




t-sy* 



* % 



Fig. 154. 







if 


**$"* 





> 



A 



(6) 




(J) 



Fig. 155. 



If you have any difficulty in finding the plan, move your 
as you did for the Two Steps. Section 34, fig. 148. 
Draw the working drawings of (1), (2), (3), fig. 155. 



model 
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(2). To draw the working drawings of (d), fig. 156. 
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Fig. 


156. 


(e) 




(i) 


Fig. 157. 


<*) 



Here, as in figure 152, Section 34, we need a side elevation; 
otherwise these working drawings may be taken for those of 
the Two Steps, (6), fig. 152. 

Draw the working drawings of (1) and (2), fig. 157. 

3. To draw the plan and elevation of (a), fig. 158. 







v 

1 



Fig. 158. 





(0 



•*) 



(S) 



Fig. 159. 

In (6), dot-and-dash line represents an invisible line (edge) at 
the rear of the solid. 

RULE. In Plans and Elevations, when we want to call 
attention to an invisible line, we dot it 

Work in the same manner, (1), (2), (3), fig. 159. 

In the Book: Draw any of the foregoing or similar working 
drawings. 



SECTION 36. 



CONVENTIONAL LEAVES. 

Each pupil should have : 

1. A pair of scissors and a piece of thin paper. 

2. Several leaves of the same kind (ivy, maple, lilac, etc.) 
Select them with their opposite edges as nearly alike as possi- 
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ble. The leaves should be pressed between the pages of a 
book, a few days in advance. 

Trace the left half of the leaf", leaving out the small details; 
then, reverse the leaf, and make the rigid half exactly like the 
left half. Take the leaf off. Correct irregular outlines, and 
put in tho principal veins only. You iiavo made a new form 
from the natural one. This now leaf is called a conventional 
leaf. 

RULE: To conventionalize » form is to omit everything 
that can be omitted, and still express the leading features 
and habits of the object represented. 

Examine samples of wall-paper, carpets, etc. Find what 
parts of the designs in these articles are made from natural 
forms. 




Flu. 160. 

(a) Fold a piece of paper upon its center until you have 
eight equal angles. 

(6) Same folded, with left half of an ivy leaf drawn on it. 
Make tho stem very slender. Cut off shaded surface. 
(t) Same opened. It makes a rosette, 
(d) Rosette with enclosing form. 
T&acihq: To save time, the practical decorator has different devices 
called tracing, pricking and pouncing, etc, 
To trace fig. 161, for instance. 




Fig. 1*1. (e) 
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(a) Draw enclosing form (with instruments). Divide it into eighths. 

Draw "% of the rosette. Over this, place a piece of transparent paper. 
With a soft pencil (HB or SM) trace the unit on transparent paper. 

(6) Turn the tracing face down, and transfer to the next eighth by 
rubbing with the finger-nail, or any hard and smooth surface. 

(c) Trace one-fourth of the rosette; rub it in the other blank spaces 
around the center of the square. 

Correct mistakes; line in. 

Pricking and Pouncing. Another method used in frescoing, in wall- 
paper, in embroidery, in carving, etc., is to fold some thin paper and to 
draw the unit upon it, as in (b), fig. 160. Then with a tracing wheel, or even 
with a common pin, prick the lines of the design, making a kind of dotted 
stencil. Spreading that stencil over the space to be ornamented, rub some 
powdered charcoal over it. This powder, .passing through the openings of the 
stencil, will give a dotted re-production of the pattern. 

Practice. Repeat this same exercise with a maple, lilac, or 
other simple leaf. 

In the Book: Draw a rosette. Select an enclosing form, 
Section 29. You may use a colored crayon. 
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CHAPTER IV. 



SECTION 37, 



ANGLES. PROTRACTOR. 
Problem 34. To bisect a given angle. 






8 A / & A 

(a) (6) (c) Id) 

Fig. 162. 

(a) Rule angle A. 

(6) With any radius, center A, describe arc 1-2. 

(c) Bisect arc 1-2. 

(d) Same angle, divided into fourths. 
Can you bisect obtuse angles ? 

Application. To divide a circle into sectors of 15 degrees 
each 




lb) 
Fig. 163. 

(a) Semi-circle (radius 2," or 3"). Divide into thirds. Write 
figures 0, 60, 120, 180. 

(b) Bisect 60 degree sectors. Write 30, 90, 150. 

(c) Bisect 30 degree sectors. Write 15, 45, 75, 105, 135, 165. 
Draw the division lines from the center of the semi-circle. 
Protractor. A protractor is a circle, or a semi-circle, divided 

into degrees, minutes, etc. The protractor is used to measure 
the size of angles: i. e., the difference of direction of the two 
sides of an angle. 

Sometimes the edges of protractors are cut into different 
shapes. 
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Fig. 164. 

(a) (6) Protractors with part of the inner surface left open. 

(c) (d) Protractors without open spaces. 

In all of them, B L means base line; C, center. The degrees 
are marked either upon the inner or upon the outer edges of 
these instruments. 

To measure an angle, place the base line of the protractor 
upon one of the sides of the angle, and its center exactly upon 

the vertex of the same angle; then, count, upon the edge of the 
protractor, the number of degrees between the two sides of the 
angle. 

Problem 35. To draw an angle of a given number of degrees, 
with the protractor. Angle, 45 degrees. 

(a) Draw A B. 

(6) Place the center of 
the protractor upon A, and 
its base upon A B. Mark 
off point D, exactly opposite line 45 on the right side of the 
protractor. 

(c) Removing the protractor, draw line A D, which ought to 
make an angle of 45 degrees with A B. 

Can you draw the following angles in the positions given 




Fig. 165. 



in fig. 166 ? 







no 



Fig. 166. 




The lengths of the sides of an angle have nothing to do with 
the difference in direction of these same lines, (sides). 
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SECTION 38. 



ANGLES. PROTRACTOR 

Problem 36. With the protractor, to find the number of de- 
grees in a given angle. 

Draw any angle. Place the protractor as in Problem 165. 

Write the number of degrees and fractions of a degree as far 
as practicable. 

Draw acute and obtuse angles; find the number of degrees 
in each. 

Problem 37. To draw two given adjacent angles. (32 and 
53 degrees, for instance.) 

Adjacent angles are angles so situated as to have a common vertex on 
one common side. (6) fig. 167. 

c, *\ $, (a) Draw angle A B, AC, 32 de- 

grees. 

k^ v — * . aL^E: — a (6) Taking A C as one of the sides 
(0) Fig. 167. of the other angle, draw AD, making 

53 degrees with A C. 

Prove by finding the sum of the degrees in both angles. It 
must be 85 degrees exactly. 

This suggests another method : that of drawing at once an 
angle of 85 degrees and dividing it into angles of 32 and 53 
degrees. 

Draw the adjacent angles of: 

"5oT 








(1) (*) „. (*) W (5) 

Pig. 168. 

In the Book : Draw four of the foregoing problems. 



SECTION 39. 



TANGENT LINES. MOULDINGS. 

RULE : When a line and a circle are tangent, the line is 
perpendicular to the radius of the circle, at the point of contact* 
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Problem 38. With a given radius, to describe a circle tan- 
gent to a point in a given line. 

(a) Draw line T L, and 
point of contact C on the 




line. 



(a) (6) 

Fig. 169. 

(b) Erect a perpendicular at C ; set off 10", from C to 0. 

(c) With O as a center, C as a radius, describe the tangent 
circle. 

Problem 39. To draw a line tangent to a given circle, at a 
given point in the circumference of that circle. 

C"\ s v >"—^n. (a) Describe the given 

o j f v° ) ( J° \/' L circle with the proper ra- 
y c \^jA % V j/i. dius ( 10 " for ^stance). 

ti'^-yj; *$ Draw the point of con- 

Co) „ < 6 > * c) tact, C. 

Fig. 170. ' 

(6) Through O C, draw radius R extended. Make C D 
equal to C O. 

(c) Bisect D. Line T L is the tangent required. 

APPLICATIONS. 

Several mouldings are made from the circle tangent to a line 
or to another circle. The most common are : — 

1. The bead or astragal, fig. 171, and the torus, fig. 172. 



fa.) 



J$r 




\ r X 

5 (b) '* 7&T) ffe" ^Tbl 



y \ 



Fig. 171. Fig. 172. 

Bead, (a) Draw the parallel lines, and the perpendicular A 
B, in order to have the height of the moulding. 

(6) Bisect A B ; from center C, describe the arc A B. 

Torus, fig. 172. (a) Draw parallel lines, and perpendicular 
A B. Bisect A B. 

(b) Set off A C in A E and in B F. Draw E D F. From 
center D, radius D E, describe EOF. 
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The Torus is generally larger than the Bead, and is used 
only in the bases of vases, columns, etc. 

2, The Core or Ca- 
YCtto moulding, fig. 173. 

3. The Quarter 
Sound or OyoIo mould- 






1 


i 
1 


1 




"*l 




(a) (6) 

Pig. 173. 



(a) (&) 

Fig. 174. 



ing, fig. 174. 

In the Booh: Draw, with instruments, all the foregoing 
figures. 



SECTION 40. 



MOULDINGS. (Continued.) 

4. The Cyma Recta, figs. 175 and 177, and the Cyma Reversa, 

figs. 176 and 178. 



i 



-- e 



_ -w . . I 



(a) 



Fig. 175. 




-♦ 



1 .0 4 



(a) 



Fig. 176. 




At 30 degrees. 




(a) 



(6) 
Fig. 177. 



(c) 




( (a) Draw parallel lines A and B. Draw line A 0, at an 
angle of 30 degrees with A. Bisect A C. 

(6) Radius A D, center D, describe a circle. With the same 
radius, centers A and C, describe arcs E and B. 

(c) Same radius, centers E and B, describe arcs C D and 
DA. 

(d) For the cyma reversa, reverse the centers, and leave a 
small projection above and another below the moulding, at A 
and C. 



5 
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5. 



The SCotia, figure 170. 

U ^ A 



(a) 



1*. 



(?>J 



£l 




Fig. 179. 

(a) A B the height of the scotia. Divide it into two unequal 
parts. Through the point of division C, draw a line perpen- 
dicular to A B. 

(b) Center C, radius CT A, describe arc A D. Set off the 
remainder of the height, C B, from D to E. Draw perpendicu- 
lar E F. 

(c) Center E, radius E D, describe arc D F. 

If you can procure the above mouldings, measure them*, and draw them 
full size. 

When the curves are too small, draw them free hand. 

In Hie Book: Draw several of the foregoing examples. 



SECTION 41. 



DECORATION. 
CENTERS. CONSTRUCTION LINES. 

A center should be more prominent than the corners and 
marginal lines. It represents the stalk of the plant and the 
source of growth. It should overlap the units, binding them 
strongly together. 

The enclosing forms in Section 29 may be used as centers, 
after being reduced in size. 

Usually the center and the enclosing form of a rosette have 
the same number of sides. Oblongs, rhombuses, and ellipses 
harmonize together. A circle agrees with any regular polygon. 

Geometrical Divisions. Avoid extremes. Do not divide 
the space into too large, too small, or too many parts. 

Do not place very large and very small parts close together, 
but let their differences be gradual. 
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In the Book: (a) Select one of the enclosing forms in Sec- 
tion 29, or invent one. 

(b) Draw the marginal bands, center, and main lines. 

(c) Conventionalize a leaf for a unit. 

(d) Arrange that unit for a rosette. 

(e) Half -tint the uncovered parts of the background. 



SECTION 42. 



PAPER MODEL OF A CYLINDER. 

The covering of a cylinder consists of three pieces: — two 
equal circles, for its bases, and a rectangle for its lateral surface* 

Make a paper model of a cylinder; height 2£", and diameters 
of bases 2" each. 







' Fig. 180. 

(a) Cylinder. (6) Unfolding. Bases. Lateral surface. The 
length of the lateral surface must equal the length of the 
circumference of the circle of one of the bases. The diameter 
being 3 \ times the circumference of its circle, the length of 
the lateral surface must also be 3 j times the length of the 
diameter of one of the bases. 
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(c) Right and left bases. Lateral surface. Draw A B and 
perpendicular lines A C, B D, 2£" apart. From A and B, set 
off four diameters (four times two inches) in 1, 2, 3, and 4. 
Divide the last part into sevenths. Draw line C D. 

Mounting. Add paper about one inch on each side of the 
lateral /Surface. Fold the model on line A C, B D, but not on 
line CD. 

Cut the paper added on each side into very fine strips. 

Put inside of the model all the paper below C D, bringing A 
B exactly over C D. Paste. 

Fold and paste the small strips on the sides. When these 
are dry, past the bases carefully. 

This model may be improved by making it with double 
bases, i. e. } putting cardboard circles inside of the solid, and 
pasting the small strips upon them; then paste the real bases 
over the strips so that the latter is not seen. Make these inner 
circles slightly smaller than the bases. 



SECTION 43. 



PAPER MODELS. 



ASTRAGAL, OVOLO, AND CAVETTO. 

These models are made like the cylinder and other prisms 




fyto(b) 

i ■ j L i ' — h£^- 

Fig. 181. 

(a) Left base, \\ radius. Bottom 2 £". (6) Right base, (c) 
Lateral surface added. Find the length of the circumference 
of a circle having a three inch diameter. 
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Bisect the length of that circumference for an astragal or for 
a torus; quartersect that length for an ovolo or for a cavetto. 
(d) Ready for mounting. 

Work in the same manner: 

The Ovolo: 




The Cavetto : 



Fig. 182. 




fa,) 



V 




H 




It) 





t-- 



(cj 




Fig. 183. 

The same and similar models may be made of clay, soap, 
plaster, soft wood, etc., or procure these mouldings from a 
planing mill, and cut them 2" or 3" in length; give each pupil a 
piece of every moulding. 

Colored paper models may be pasted in the book. In this 
case omit the extra surface for folding. . 



SECTION 44. 



OBLIQUE PROJECTION. 
CYLINDER BASES FRONT AND REAR. 

4 

When the bases of the cylinder face front and rear they are 
drawn as circles, but when they face up and down, left and 
right, they are represented by ellipses. 
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NOTE. As far as practicable place the bases of cylinders front and rear. 
However, it is sometimes necessary to use the other positions, as when the 
wheels, axles, etc. of the same machine are turned in different positions. 

Draw very rapidly. You may use compasses. 
To draw a cylinder, 1' 6" base by 2' 8" long. One inch scale. 
Bases front and rear. Station 7. 



FIRST METHOD. 



A A 

•'! 'i 

.' I /I 
/ ; / i 

i/« j / 

\ v 

(a) 







I / 





(a) Construct a square 
prism 1' 6" x 1' 6" x 2' 8" 
Find centers of squares. 

(6) Describe circles for 
the bases of the cylinder. 

(c) Draw tangent lines. 



SECOND METHOD. 




\a) 



(a) Draw center line A 
B, 2' 8" long. Any desired 
slant. 

(b) With a 9" radius, 
describe two equal circles 
from centers A and B. 



(O 
Fig. 185. 

(c) Draw tangent lines. 

Line in only the lines or parts of lines that can be seen. 

(d) When the bases are close together their circles intersect 
each other. 

Work in the same manner: 

The Bead (or Astragal) and the Torus. 




c^ 





Station 7 



Fig. 186. 
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Turn these figures about, in front of your eye, to see them 
in different positions, and at different stations. 

Find these mouldings on doors and windows ; bases of vases, 
columns, etc. They are often accompanied by fillets, plinths, etc. 

In the Book: Draw four views of the foregoing solids. 



SECTION 45. 



OBLIQUE PROJECTION. OVOLO. CAVETTO. ETC. 

Use ruler, triangle, compasses ; or draw rapidly, free hand : — 
Ovolo or Quarter Bound. 



ft*StS 





g woiivi^ ' 




Station 7. 



Fig. 187. 



Turn your work about, to have different views of it. 
Find thi9 moulding on doors, windows, furniture, etc., with 
or without other mouldings. 
Cavetto. 



I5A5!S 



Q NOHWl^ 
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u» 




7TN. 




•4 
> 
-4 




• •: -.A 

\«'- • -r 




c 

z 
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y 





s ! " 




5 TA1 10 N 7 

Fig. 188. 

With instruments. (General method for all mouldings.) 

(a) Draw first base. (6) Add 
parallel lines (Ruler and Triangle). 
Draw B at a distance from A 
equal to the distance between the 
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front and the rear, (c) Draw lines B C, B D, and the visible 
lines of the second base. 

Cymas, Scotia, Regular Hexagonal Prism. Work in a simi- 
lar manner: 










Fig. 190. 

In the Book: With instruments, draw views of the different 
mouldings in this section. 



SECTION 46. 



FREE HAND SKETCHES OF MOULDINGS. 
Draw rapidly, free hand. 

Try to imitate the proportion given to the different mouldings. To 
avoid monotony, mouldings should differ in size. Of the mouldings treated 
in this book, the fillet and the bead are the smallest; the cavetto, the ovolo, 
and the cyma re versa come next; then the cyma recta, the sootia and the 
plinth. 

How to proceed: — 

(1.) Draw the front base. 

(2.) Draw the oblique lines according to the station at which 
the object is placed. 

(3.) Make all the oblique lines of the same length. Draw 
the visible lines of the rear; these lines should be parallel with 
the corresponding lines in the front. 

(4.) When the sketch is lined in, turn it about, to have 
different views of it. 

Bases: 





V 







At Station 7: 



Fig. 1<J1. 





etc 



Fisr. 102. 
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Draw the same at all stations. 
Work in the same manner: 



Fi K . I9S. 

Find other sets of mouldings. Copy from cornices, bases, 
and other details of houses, etc 

In the Booh: Free hand, draw a few of the ■ foregoing, or 
similar mouldings copied outside. In this case, write the 
number of the house, the name of the street, etc., from which 
the set of mouldings has been taken. 



PLANS AND ELEVATIONS OF MOULDINGS. 

Do not work this Section without having the proper 
models in your hands. 

Procure as many mouldings as possible of the following or of 
similar bases or ends: 



Review briefly Sections 33, 34, and 35, particularly how to 
see plans and elevations. 

Draw the working drawings of any moulding, bases front and 
rear. A cavetto, for instance: 

(1.) Draw its front view or front elevation, (a) Fig. 195. 

(2.) Draw its top view or plan, (a) Fig. 195. 

(3.) Turn the base in other positions, (6), (c), (d), and 
draw the plans accordingly. 
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Work other mouldings in the same manner: 



OB 



Ph 
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H (a) 



(6) 



(c) 



id) (a) 

Fig. 195. 



EXERCISES. 
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From analogy and imagination, make the working drawings 
of fig. 192. 

2. At stations 6, 7, 8 and 9, draw the oblique projection of 
fi<?. 19G. 



Plans: 



Elevations: 




. r • 












Fig. 196. 



In the Book-. Draw the oblique projection of any moulding 
or mouldings, and the working drawings of the same. 



SECTION 48. 



DECORATION. 
UNITS. ALL-OVERS OF THE SQUARE PATTERN. 

Units of Design. 1. Do not use too few or too many orna- 
ments. Even with the most graceful lines, excessive repetition 
brings monotony, a mistake often made in carpet and in wall 
patterns. 

2. Do not draw units too large or too small for the ground 
to be filled. 

3. Do not place small units in the angles of the enclosed 
space, and then try to connect them with the center by long 
stems or lines. 
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4. Avoid weak centers, heavy corners, and large inter- 
mediate spaces unfilled. The unfilled spaces should be rather 
towards the edges than towards the center. Generally, the 
units should not touch the geometrical enclosing lines. 

5. Alternating two or more units is more pleasing than 
using a single unit. 

Background. (1) The background should always attract 
less attention than the design itself. 

(2) Half tint. Whichever covers the least surface, the back- 
ground or the ornament, should be tinted. Where there is 
more half-tint than white surface, the design is likely to appear 
heavy. 

The background may be: (1) Plain and smooth. (2) Tinted. 
(3) Rough. (4) With subdued designs or colors. 

All-overs. Square Pattern. The frames for all-over pat- 
terns are very few. Tho most common frame is the square. 

FIRST METHOD. 

(1) With instruments, draw a number of small squares. 

(2) Considering the intersections of the lines as points, 
connect these points by new lines; Ex: 



SECOND METHOD. 

(1) Draw a number of squares larger than in the first 
method. 

(2) Select a unit of design from the following, or invent one 
having a few lines only, (1) fig. 198, for instance: 
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(3) Draw the selected unit in each square, (a) fig. 199. 
The same unit reversed in each alternate square, (b) fig. 1 



Fig. 190. Fig. 200. 

The unit may also be drawn in every second square, alter- 
nating with a blank square or a less complicated unit, fig. 200. 

In the Book; Draw one all-over pattern for an oilcloth, 
inlaid wood, or mosaic 
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CHAPTER V. 



SECTION 49. 



ANGLES, SQUARES, ETC. 

■ 

Problem 40. With compasses ( no protractor), to draw 
an angle equal to a given angle. 

% ^n (a) Draw any angle, A. 

(6) Draw L M, side of the 

2L.M second angle. With any 

radius, centers A and L, 




L§ L 



!M 



(c) 




(6) 
Fig. 201. 

describe equal arcs. 

(c) Set off 1-2 of (a) in 3-4 of (c), and draw line L N. 

Problem 41. To divide an angle into any number of equal 
parts. Into fifths, for instance: 

>^ (a) With any radius, the vertex of 

\ <g~^~~*^ ^ G angle as a center, describe an arc. 

^s^^ With dividers, by trial, divide the arc 

(a) Fig. 202. (6) ^ n ^° fifths. 

(6) Connect the points of division with the vertex. 



With compasses, divide a right 
angle into thirds: 



Problem 42. To construct a square, its diagonals being given. 
Diagonal 2'. 

•>c & ( a ) Draw diagonal A B. Bisect 

it. 



k ^ 
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(a) 


(ft) 

Fig. 208. 


(c) 



A*- 



rrrri 



"- . . - 



B A 




(b) Set off E A (half diagonal ) 
in E C and in E D. Connect. 



(a) Fig. 204. (6) 
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Problem 43. To construct an oblong, its diagonal and one 
of its sides being given. Diagonal 2' 6"; side 2' 4". 

(a) Draw side A B, 
(2' 4" long). Erect per- 
pendicular at A. With 
radius 2' 8", center B, 
*& describe arc in D; 
same radius, center A, 






(a) Fig. 205. (6) 

describes arc in C. Set off A B in D C. 



(6) Connect D C. 

Problem 44. To inscribe a regular octagon within a given 
square. Square 2' 3". 

7 c p fi v c (a) Construct the square, and 
i „ ix v. i' na draw its diagonals. With A, B, C, 

J- 



8 



T 






3 * 

(a) 



Ye and D as centers, and a radius 

SO' ^ equal to A E (J of diagonal), 
* a j — i^ .B describe arcs 1-2, 3-4, 5-6, 7-8. 
J*** <*> (6) Connect 8-3,2-5,4-7, and 6-1. 



By this method the ends of square posts may be changed 
into regular octagons. Square tiles may be cut so as to make 
a floor of square and octagonal figures, etc. 

In the Book : Draw a few of the foregoing problems. 



SECTION 50. 



THE RHOMBUS. 

Problem 45. To construct a rhombus, its diagonals being 
respectively 2' and 3'. 

(a) Bisect A B, the 3' diagonal. 
From C set off £ of the short diag- 
onal in D and in E. 

If, instead of feet and inches, a line is given, 
bisect it separately to find its half. 

Fig< 2Q7. (6) Connect A and B, with D and E. 
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Problem 46. To construct a rhombus, a diagonal and a side 
being given. A B, diagonal ; A C, side. 



A_ 



-B 



^ (a) Draw the diagonal; with a radius equal to 
>£^ the length of the given side, centers A and B, 
a<<T _^>b describe arcs in C and D. 

o (6) Connect A and B, with C and D. 

Fig. 208. 

This example is like drawing an isosceles triangle on each side of a line. 

Problem 47- To construct a rhombus, an angle and a side 
being given. 




'A 




•a 



(a) 



(6) 




(a) Given line and 
given angle. 

(b) Make an angle 
equal to the given angle. 
Set off the length of the 



Fig. 209. 

given side from A to B, and A to D. 

(c) With the same radius, centers B and D, describe arcs in 
C. Connect. 

Problem 48. To construct a rhombus, an angle and a diag- 
onal being given. 







(a) 



6 



(6) 
Fig. 210. 




(a) Given angle and given diagonal. Bisect the given angle. 

(6) Draw the diagonal A B. At A and B, draw | of the 
given angle on each side of the diagonal. 

(c) Extend the lines until they meet in C and D. 

In the Book : Draw examples similar to each of the fore- 
going problems. 

SECTION 51. 



THE ELLIPSE. 

" An Ellipse is a plane figure bounded by a curve, every 
point of which is at the same combined distance from two 
points called foci." 
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TERMS : A B, major axis. C D, minor axis. E, center. 
F, focus. G, focus (plural : foci). H, one of the points on the 
elliptical curve, (c) fig. 2U. 

If the major axis is two feet long, the combined distance 
from point H to the foci F and G is also two feet. 

Therefore, to find the foci of an ellipse : — 

(1.) Draw the major and the minor axis, bisecting each 
other at right angles. 

(2.) From one of the ends of the minor axis (either C or D), 
with one-half of the major axis as a radius, describe arcs in 
points F and G. 

Problem 49. Its axis being given, to describe an ellipse 
with needles and thread. 



-■c 



A*-t£ 



-jbHB A*- 1 



(a) 



O 




-vQ A 




(c) 



(a) Bisect the major axis, A B. Set off £ the minor axis in 
E C, and in E D. With radius A E, center C, describe arcs in 
F and G (foci). 

(6) Stick very fine needles at points C, F, and G. Tie a. fine 
thread closely around the needles. 

(c) Remove the needle at C. Press a pencil point against 
the thread, carrying the pencil around without touching the 
needles. If performed with skill, the elliptical line should pass 
through A, C, B, and D. 

Problem 50. The axes being given, to describe an ellipse 
with a strip of paper. 



.j. 



:c 



«B 



(a) 



I 'M U lg 1 



(6) 
Fig. 212. 




(c) 
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(a) Axes. (6) On a slip of paper having a straight edge, 
draw : (1) M, the marking point. (2) M 1, equal to one half of 
the minor axis. (3) M 2, equal to one half of the major axis. 

(c) Move the paper, always keeping point 1 upon the 
major axis, and point 2 upon the minor axis. In every new 
position, mark the place of the point M; and, when a sufficient 
number of these points have been drawn, describe the curve 
free hand. The nearer the points are to each other, the easier 
it is to describe an accurate ellipse. 

In the Book: Describe ellipses by both methods. 

Applications: Mirror frames, passe-partouts for photographs, 
flower beds, etc. 

To trace an elliptical flower bed, substitute stakes for the 
needles. 



SECTION 52. 



DIVISION OF THE CIRCLE, ETC. 

Problem 51. To divide the circumference of a circle into 
any number of equal parts. Into fifths, for instance. 

(1.) With dividers. (2.) With a protractor. (3.) By a geo- 
metrical operation. 



7<C 







Vtt-3B *K 



(1) (*)• Fig. 213. (o) (5) (b) 

(1.) Use the dividers as for straight lines. See Section 16. 

(2.) Divide 360 degrees by 5. Set off* angles of 72 degrees 
with the protractor. 

(3.) (a) Divide the diameter, A B, of the given circle into 
fifths. ( Problem 9, Section 5). 

(b) With radius A B, centers A and B, describe arcs in C. 
Draw line C,D, passing through the second point of division. 
Arc A D is £ of the circumference. With A D, divide the cir- 
cumference into fifths. 
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Whatever the number of divisions may be, always draw line 
C D through the second point from A or B on the diameter. 

Problem 52. To describe an oval tangent to the four sides 
of a rhombus* 





(a) 



(6) 
Fig. 214. 




(a) Construct a rhombus. Draw its diagonals. It is some- 
times necessary to extend the short diagonal beyond C and D. 
Bisect two of the opposite sides of the rhombus. 

(b) Draw lines 4 1 F and 2 3 G. 

(c) Radius 1 E, centers 1 and 3, describe arcs E F and G H. 
Radius 2 E, centers 2 and 4, describe arcs E G and F H. 

In the Booh Draw problems similar to the foregoing. 



SECTION 63. 



PLANS AND ELEVATIONS OF PRISMS. 

MODELS : A cube, square, and other prisms for each pupil. 
Place them in the following positions, and draw their plans 
and elevations : 




■j) 



w 



[3) 














(10) 
Fig. 215. 
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In the Book: Draw plans and front elevations of the fore- 
going or other blocks. Turning the model a little to the right 
or ta the left, draw the same plan obliquely and with a new 
elevation. D*» not draw any line of which you do not under- 
stand the meaning. 



SECTION 54. 



DECORATION. 

Steps in making a Design. Make a rough free hand sketch 
on slate or blackboard ; then, with instruments and free hand, 
draw successively on paper : 

(1.) The enclosing form. (2.) Its divisions. (3.) The main 
lines and axes of the units. (4.) The units. (5.) Clean the 
paper, and line in. 

Rules in Decoration. The vital part of a design is in its main lines, 
particularly if the unit is from a plant. Those main lines should represent 
the proper growth : i. e. distribution of leaves, buds, flowers, etc. of that 
plant. 

Do not draw weak stems; they should never be drawn with a single line. 
Sketch only the principal veins of a leaf. 

One of the chief essentials to good elementary design is flatness. 

Block in the general shape of a leaf or flower first, then draw the details. 
Never draw the details first. 

No form, or line for which we cannot give some good reason or explana- 
tion to be, should be allowed to remain in a design. 

Plans and elevations of flowers. Bring to school simple 

flowers; as, lilac, morning glory, buttercup, periwinkle, etc. 

Conventionalize one of them, drawing its elevation and plan 
as you would do with a block or moulding. 

Work the buds, leaves, etc., in the same manner. 

If you cannot procure a suitable flower, select your units 
from the following conventionalized plants: the convolvulus, 
the mallow, and the cranesbilJ. 



INDUSTRIAL DRAWING. 
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(n) Elevation o£ flower; (6) plan of flower; (c) bud; (d) 
leaf; (e) seed ; (/) calyx. 

In the Book: Following the rules given at the beginning of 
this section, design a rosette, a panel, or a border. 

For enclosing forms, see Section 29. 



OBLIQUE PROJECTION. 
BASES OF CYLINDERS FACING UP AND DOWN, ETC. 

Viewed obliquely a circle appears as an ellipse. 

(a) Describe circle. 
Enclose it within a 
square. Draw the 
and the di- 
cutting the 
circle in points 1, 2, 8, 
4, 5, 6, 7, and 8. 
(b), (c) and (d) same 
nj.,217. circle viewed ob- 

liquely. Tho elliptical line should pass through points 1, 2, 3, 
4, etc. In (b) and (c) the real axes of the ellipses are from 2 to 
6, and from $ to 8. 

To have oblique bases of cylinders in all positions, turn 
figure 217 about 
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The following method is often used: 




(*) 

Fig. 218. 

(1.) Cylinder: Draw first the upper and then the lower 
base. 

(2.) Cylinder: Draw a number of parallel lines, and set off 
on each of them the distance between the bases ; then connect 
the points. 

(3.) Cylinder: Keep the outline of the right base parallel 
with that of the left base. 

In the Booh: Draw, either figure 217 or 218. 



SECTION 56. 



OBLIQUE PROJECTION. 
HALF AND QUARTER CYLINDERS. 

Free hand and instrumental; work as in last section. 




Fig. 219. 



Turn the figure on its sides, for upper and lower bases. 
Follow general methods for prisms, Sections 10 and 1 J. Free 
hand, or with instruments: 
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1Z 345 iZ 34S 





In the Booh: Draw a few sketches of the foregoing or 
similar mouldings. 



SECTION 57. 



OBLIQUE PROJECTION. HOLLOW CYLINDERS, ETC. 

(a) (b) 



Viewed obliquely, concentric circles ap- 
pear as in (6) and (c), fig. 221. 

Observe that the lines of the ellipses in 
(6) and (c) are not parallel. 




(c) Fig. 221. 



Free hand, with instruments, or both, draw rapidly and 
lightly, as in last section: 






vj/ 






Wf' 



*i6 



f ZMJ 6 4<±LL 









Fig. 222. 




IIZ*S 



Find other sets of mouldings, and draw them in the same 
manner. 

In the Book : Copy several mouldings in different positions, 

and at different stations. 



I 
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SECTION 58. 



PLANS AND ELEVATIONS OF MOULDINGS. 

Review briefly, Sections 33, 34, 35, and 47. 

Do not work without tJie proper models — such as those used 
in Section 47. 

When the bases are right and left, draw a side elevation 
first, (a) and (c), fig. 224. 

Place the following mouldings in positions shown in fig. 223 
and fig. 224 ; draw the same : 







i 



(a) 



(b) 





(0 
Pig. 223. 



(d) 




(b) (0 

Fig. 224. 



/ ' 

I ' / 

• » 1 


... — .. 


1 




— 


.". —V. -J 



(d) 




In the same manner, draw the plans and elevations of other 
mouldings, placed in as many positions as possible. 

Sometimes the 
plan is omitted, the 
drawings being 
complete enough 
with the front and 
side elevations. Fig. 






{S E.) 



(FE.) 



225. 



(FE) (SE.) 

Fig. 225. 

In the Book: Draw the oblique projection of any set of 
mouldings; then, draw their plans and elevations. Bases facing 
up and down, right and left. 

•Abbreviations: PI., plan. F E, front elevation. S E, side elevation. 



SECTION 59. 



FREE HAND CURVES. 

NOTE. Do not draw every example in this Section. 

RULES FOR THIS EXERCISE. 
1. There should be no re-drawing on the line, no rubbing 



5» 



no breaks in sketching. 
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2. Use the shoulder movement. Draw on a large scale, 
examining the work often at a distance. 

3. Be careful to have all the lines tangent. 

4. Draw each example in several positions, or around a 
center. 

Work rapidly: 




(<u\ (6i 







Fig. 226. 



Draw rapidly both sides of any of the following bi-lateral 
forms. 






(£) (5) 

Fig. 227. 







In the Book : Draw several of the above or similar forms ; 
or, fold, cut and paste pieces of colored paper of the same 
shapes. 



SECTION 60. 



SCROLLS. 



Models : Make the models for this lesson by rolling slips 
of stiff paper, or pieces of tin, etc. 
Scrolls are worked like other prisms : 



a-mtmm % 




(a) Draw the visible base. 




50A33D'ate§^ 
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(fc) Draw the outline of the second base parallel with the 
outline of the first. 

(c) Connect the two bases. Line in only the edges seen. 

(d) Back of scroll. 
With instruments: 




(a) 



(6) 



■ r 



w 



CsP 



■ 
.»■ 




W^&E 




(d) 



(c) 



(d) 



(a) (6) 

Fig. 229. 

(a) Draw the base. 

(6) At random, draw parallel vertical lines. 

(c) From each point on the base, crossed by vertical lines, set 
off the distance between the two bases. 

(d) Strengthen the lines that are seen. 

Work the next scroll in the same manner. 

In the Book: 1. Sketch a waring flag. Notice first how 
a real flag looks when waving, and sketch one of its edges, 
or, 2. Make a roll of honor with a base similar to (c) or (d); 
fig. 228- 



»- 
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CHAPTER VI. 



SECTION 61. 



ENLARGING AND REDUCING. 

Problem 53. A polygon being given, to construct similar 
ones on: (1) smaller, and (2) greater bases. 

FIRST METHOD. 

Given Bases. 




(a) Extend lines A C and A B on the given triangle. Mark 
off smaller base A D, and greater base A F. Draw lines D E 
and F G, each parallel to B 0. This gives the two triangles 
required. 

(6) Construct triangles with lines A D, D E, E A ; and A F, 
F G, G A. 

Work in a like manner : — 

Given Bases. ' 




(*) 



SECOND METHOD. 

Given Bases. 





a o 

Fig. 232. (6) 
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(a) Given polygon. 

(6) Transfer angles A and B to the extremities of bases A D 

and A F. 

Other polygons : — 

Given Bases. 




t 




Fig. 283. 

(a) Transfer angles A and B to bases A E and A H. Con- 
struct triangles A E F and A H K. 

(6) Transfer upper adjacent angles, at A and C, to similar 
angles in the smaller, and in the larger polygon. Construct the 
second triangle of each figure. 

THIRD METHOD. 

Polygons of more than three sides : — 

Given Bases. 
C 





(a) Draw diagonals A C, B D. 

(6) Transfer the adjacent angles at A and B of the given 
polygon, to the extremities of the given bases, A E and A H 
Connect points G F, and L K. • 

APPLICATION. 
To enlarge or reduce any design : — 






i 


i 








•» 

■f 


V 


v 


*» 






\* * 






«* 


-J 







(6) 



a 6 c 

(0 



I 1 1 P^ 

-*: ^-^ 

— t*~ — ' — : 

- 1 1 1 ■ 



C 

lc) 
Fig. 235. 
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(a) Enclose the given design within a rectangle ; divide it 
into two triangles, by drawing a diagonal ; then divide the 
rectangle into any number of equal and similar parts. 

(b) Transfer adjacent angles in (a) on bases E F and G H. 
Complete the rectangles. 

(c) Divide each rectangle as in (<x). Number and letter the 
vertical and the horizontal lines. 

Copy into each division of the reduced or the enlarged 
rectangle that part of the drawing found in the corresponding 
division of the original figure. 

Maps, ornaments, and patterns of all kinds may be enlarged 
or reduced in the same manner. 

In the Book: Enlarge or reduce a map, a simple ornament, a 
leaf, etc. 



SECTION 62. 



CENTERS OF CIRCLES. 
Problem 54. To find the center of a circle. 

Notice that the bisecting line, O M, passes through the center of the circle 
from which the arc (or its chord A B) is taken. Fig. 236. 



*- B 



JP\8.\ 



V 






Fig. 23G. 

(a) Describe an arc with a given radius, then close the com- 
passes. (Not to leave any mark indicating the center of the 
circle, place a folded piece of paper under the steel point of the 
compasses). Cut off an arc, A B, and bisect it. Bisect diameter 
L M. O is the center of the circle. 

(6) Another method. Bisect two arcs, A B and B C. From 
point O as a center, radius CT A, try the accuracy of this opera- 
tion. 

(c) Same simplified. 
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APPLICATIONS. 
1. To describe a circle passing through three given points not 



in a straight line. 




9 






/ 



/0 * 



(c) 




Fig. 238. 



(a) Draw the given points A, B, C. Draw lines (chords) A 
B and B C; bisect them. 

(b) From center O, radius A, describe the circle (or arc). 

(c) and (d) Omit the chords, and bisect spaces A B and B C. 

2. To circumscribe a circle about a given triangle. Fig. 239. 

Lines A B, B C, and C A, of 
the given triangle, are chords 
of three arcs belonging to the 




(a) 



Fig. 239. 




same circle. Bisecting either 
two of these chords will give 
the center of the circle which 

necessarily will pass through points ABC. 

Problem 55. To describe a given circle tangent to both 

sides of a given angle. Radius, 10"; angle 60, degrees. 





fc A 
(a) Fig. 240. (b) (c) Fig. 241. (d) 

(a) Draw the required angle. Draw lines parallel to A B 
and to A C, 10" distant from each. 

(6) With a 10" radius, center O, describe the tangent circle. 

(c) Another method. Bisect the given angle. Draw a line 
parallel to A B, and 10" from it. 

(d) From center O, radius 10", describe the tangent circle. 
In the Book: Draw a sample of each problem. 
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SECTION" 6£ 



INSCRIBING CIRCLES. 
Problem 56. To inscribe a circle within a given triangle. 




fa) 




Fig. 242. 




rcf-i 



(a) Construct the given triangle ; bisect two of its angles, to 
find center C. 

(b) From C, let a perpendicular, C R, fall upon one of the 
sides of the triangle. 

(c) With radius C R, center C, describe the tangent circle. 

APPLICATIONS. 

1. Inscribe a circle within a sector. 

(a) Construct the given 

7 sector ; bisect its angle O. At 
k D, draw E F perpendicular to 
O D. Extend lines O A to 
E, and O B to F. This gives 
a triangle. Work as in last 
problem. Angle O being al- 
ready bisected, bisect either angle E or F, to find center C. 

(6) From center C, radius C D, inscribe the circle. 

2. Inscribe six equal tangent circles within a given circle. 



Divide the given circle into six equal sec- 
tors. Work as in last example. 

In the Book: Inscribe six equal tangent 
circles within a circle. 




Fig. 243. 





Fig. 244. 
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SECTION 64. 





TANGENT CIRCLES. 

To find the distance between the centers of two circles, 
add the radii when the circles are tatigent externally, (c) fig. 
245; subtract the short radius from the long one when the 
circles are tangent internally, (b) fig. 246. 

Problem 57. To describe two circles tangent externally 

at a given point in the circumference of one of them. Radii 
10" and 7" inches respectively. 

/T\ (a) With a 10" ra- 

- S I °"-Ju M dius, describe circle A: 

x y\^J draw tangential point 

Fig. 245. 

(6) Draw indefinite line A M ; from M set off 7" (length of 
small radius). 

(c) Radius B M, center B, describe the second circle tangent 
to the first at point M. 
Circles tangent internally are treated in the same manner. 

(a) Draw circle A, tangential point M, 

and indefinite line B M. Subtract radius 

^ B M from radius A M. The centers A and 

(a) Fig. 248. (6) . B are 3" apart. 

(6) From center B, radius B M, describe circle tangent at M. 

Problem 58. To describe a given circle tangent externally 

to two other given circles. 







Fig. 247. 





1. Find the distances between the centers. Construct a tri- 
angle: (1) equilateral; (2) and (3) isosceles; (4) scalene, 

2. With proper radii, from centers A, B, and C, describe 
tangent circles. 



m 
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Should the first two circles be secant, and the third one 
tangent to the other two, reduce the base of the triangle to the 
actual distance between centers A and B. Ex: 







(J) <*) Fig. 248. (3) (A) 

The first two circles may be at a distance from each other 
greater than their radii ; but they should not foe farther apart 
than the length of the diameter of the third circle. Ex: 




(1) (*) Fig. 249. (3) (h) 

In the Book: Draw several of the foregoing problems. 



SECTION 66. 



TANGENT CIRCLES. APPLICATIONS. 




1. Samples of circles 
tangent internally: 



(I) Fig. 250. (*) 

2. With arcs of circles, to describe a curve that resembles 
*n ellipse, the axes being given. 

k ***** 



— 1 x 




*' F 


"* T "" *f - - ~ 
' \ 1 

(a) 



.?. \ 

(6) 
Fig. 251. 
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(a) Given axes A B and C D, bisecting each other in E. 
Connect A C. Set off E C in E F. Set off A F in C G. 
Bisect A G. 

(b) Set off E 1 in E 3, and E 2 in E 4. Draw lines 2-3, 4-1, 
4-3, extended. 

(c) Radius 1 A, centers 1 and 3, describe arcs E A H and 
M B L. Radius 2 C, centers 2 and 4, describe arcs H C M and 
KDL. 

3. With arcs of circles, to describe an oval. 

(a) Bisect A B. From 

center E, radius A E, 

ir> 4[. . __ ;«i . . . jft a (. - . . .[£. . _)q describe circle A C B D. 

(6) Draw indefinite 
lines A D F, and B D G. 
/In " 7\ With radius A B, cen- 

Fig. 252. ter A, describe arc B F. 

Same radius, center B, describe arc A G. 
(c) Radius D G, center D, describe arc G F. 

4. With arcs of circles, to describe approximately a spiral. 




-h 



(a) 




'-«-> 



ID 





Fig. 263. 




In the Booh: Draw the foregoing or similar exercises. 



SECTION 66. 



DECORATION. CRESCENTS 

Horizontal bands tend to make persons, rooms, etc., appear 
smaller, lower. Vertical bands tend to make them appear 
taller, higher. 

7 
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Oblique or diagonal lines give the idea of unsteadiness, and 
generally should be avoided, unless diagonals of an opposite 
slant are introduced. 

When several points of attraction are needed, as in borders 
and in all-over patterns, these prominent points should be so 
arranged, and bo distant enough as not to interfere with one 
another. 

Cut two sets (different sizes) of several units in fig. 254. 
Follow "General Directions," Section 12. 



Fig. 255. Modifications of the crescent 
Combinations : 



d paper r 



Fig. 253. 

IntheBook: Cut and paste a colored paper rosette, or a 
border. 



Samples : 

te. Work as in Section 36. 



Fig. 258. 

Border, (a) Fold the paper four times, to have eight equal 
oblongs. 

(b) Draw the pattern, leaving an enclosing band at the top, 
and another at the bottom of the paper. 
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SECTION 67. 



MAKING A PAPER CONE. 
THE CONE. 

A Cone is a solid generated by the revolution of a right- 
angled triangle, C B D, about the side D C, (a), fig. 259. 
The point D is the vertex, and the line D C the axis and 
altitude. 

The covering of a cone consists of two pieces, cut separately. 

1. A circle for its base (6). 

2. A sector for its lateral surface ; either (c) or (cZ). 




5 



f BaseA 




(6) 



(O 
Fig. 269. 




Make the paper model of a cone, its base and its altitude 
being given. Base, 1' radius ; altitude, 2 J'. 




D M ID 

Fig. 260. 

(a) With the radius of the base and the altitude of the cone, 
make a right-angled triangle. 

(6) Base. Describe a circle, 1' radius. 

Divide the circumference into sixths. 

(c) Lateral Surface. With hypotenuse D B, in (a), as a 
radius, describe an arc for a sector. Draw radius D M. 

The radius of the sector is equal to the hypotenuse of the 
right-angled triangle (a). The length of the arc of the sector 
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must equal the length of the circumference of the circle 
forming the base of the cone. 

In (&), with the dividers, set off upon the circumference of 
the base, from B to E, any number of very small equal 
divisions. Set off the same divisions from M to N, in (c). 

Arc M N equals B E, or £ of the circumference of the base. 
Then, with a radius equal to M N, set off points O, P, Q, R, 
and S * 

{d) Mounting. Add sector DST, any size. From center 
D, with a larger radius, describe another arc. The space 
between the concentric arcs is to be cut into very small strips. 

In mounting, paste D M exactly upon D S ; let it dry ; then 
paste the small strips together, and finally the circle forming 
the base. 

A double base may be added as in the cylinder, Section 42. 



SECTION 68. 



MAKING PAPER PYRAMIDS. 
GENERAL METHOD. 

1. Draw the base of the pyramid. Find its center. 

2. Construct a right-angled triangle with the altitude of the 
pyramid and a line equal to the distance from the center of the 
base to one of its corners. Fig. 261. 

3. With the hypotenuse of this triangle, describe an arc. 
Upon this arc set off one of the sides of the base as many times 
as necessary. Connect these divisions to one another and also 

* For pupils advanced enough in arithmetic : 

1. Find (by square root) the length of the hypotenuse. 

2. Then, find number of degrees of the sector, thus : Multiply the length 
of the radius of the base by 360 degrees, and divide the product by the length 
of the radius of the sector. Example : Let the radius of the base be 3" ; the 
altitude 4" ; the hypotenuse will be 5". Multiply 360 degrees by 3, the radius 
of the base ; divide the product by 5, the radius of the sector. Ans.: The 
angle of the sector equals 216 degrees. 

Use the protractor to mark off these 216 degrees. 
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to the center of the arc. This gives the lateral surface. Add 
the base to one of the lateral faces. 

4. Add surfaces for mounting. Fold and paste. 

EXERCISES. 

Make the paper model of a pyramid, its base and its altitude 
being given. 

1. Square Pyramid : Base, 2" square ; altitude, 2£". 




Fig. 261. 



Fig. 262. 



• Fig. 261. Oblique projection showing the right-angled tri- 
angle made by the altitude C D, and a line extending from the 
center of the base to one of its corners. Hypotenuse D B 
makes one of the ribs or. edges of the pyramid. 

Fig. 262. (a) Construct a two-inch square. Find its center. 

(6) Construct a right-angled triangle, with the altitude D 
C, 2£", and the perpendicular C B, equal to the distance from 
the center C to one of the corners, B, of the base. 

(c) With hypotenuse D B, as a radius, center D, describe arc 
B H. From B, set off upon B H four times the side A B of 
the square base. Draw radii D B, D E, D F, D G, D H, and 
lines B E, E F, F G, and G H. Construct square base, BEJK, 
with ruler and triangle, or with compasses as shown in fig. 262. 

(d) Add triangle L B, and other surfaces needed for 
mounting. Fold and paste. 

All regular upright pyramids are worked in the same 
manner. 



02 INDUSTRIAL DRAWING. §§ 08, 69 

2. Regular Hexagonal Pyramid. Base, 1" side; altitude, 2 J"' 




Fig. 263. Fig. 264. 

3. Equilateral Triangular Pyramid. Base, 2" Bide ; alti- 
tude, 2£". 




Skeleton Models. Square pyramid as a sample: 

Fig. 267. Peas and splints. 

Fig. 268. Cardboard and 

, twine. To keep the edges in 

place, put up a splint for the 

altitude, or hang the model by 

n«.S87. Vis. «8. its apex. 




SECTION 69. 

PROJECTIONS OF PYRAMIDS. 

Free hand, with instruments, or both: 

1. Draw the base and the altitude of the pyramid. 

2. Connect the vertex with all the angles of the base. 
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Work with Models. Place them in different positions, and 
at different stations. Torn the sketches about, etc. Work 
rapidly. 








PLANS AND ELEVATIONS. 

Place the cone upon your lap; move it until you see the 
circumference of its base, with its vertex in the center. This 
is the plan; draw it. 

Now raise the model in front of your eye until its base 
appears as a straight line. Supposing the cone to be flat 
against the wall, what figure would your see? Draw it ; it is 
the elevation. Ans. (1) fig. 270. 






Fig. 270. 






Work in the same manner, (2) (3), etc. Draw a full line for 
every edge that is seen, and a dotted line for each edge not seen. 

In the Book: Sketch the oblique projection of any pyra- 
mid, then draw its plan and elevation. 



SECTION 70. 



SECTIONS OF RECTANGULAR PRISMS. 

Models of the following blocks should be made of soft wood, 
soap, clay, etc. 



104 



INDUSTRIAL DRAWING. 



§70 



Draw free hand, lightly and rapidly : — 

(a) Outlines of the 

original block. De- 

VN •/ termine what part 

"' J*' of each line (edge) 

should be cut off 

p^ ^j from the corners. 

(6) Connect section points. 
Work in the same manner: 





(5) 
Fig. 272. 



Draw the same model in other positions and at other stations. 
Turn the sketches around, in front of your eye. 

Draw the oblique projection of the following plans and 
elevations: 



/ \ 

/ \ 
\ / 








• 

• 
1 
i 
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(1) 



(*) 



(8) (*) 

Fig. 273. 



<S) 



In the Book: With instruments, draw one of the sketches 
that you have made. Do not copy the sketches in the book 
unless they are drawn in other positions or at other stations. 
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SECTION 71. 



SECTIONS OF RECTANGULAR PRISMS. 

Work as in last section: 

1. Draw plans and elevations of the following figures 




<*) (*) Fig. 274. (7) (8) 

2. Change into oblique projection: — (Any station). 























1 


























1 1 

• 1 








1 




\ 


1 1 1 




' 1 


• 




1 

1 


' 


1 

1 A 


















XI 


\ 















1 


\ 








Fig. 275. 

In the Book: Work as in last section. 



SECTION 72. 



ALL OVER PATTERNS 
THE EQUILATERAL TRIANGLE. 

Most of the frames for all over patterns are made of squares 
(Section 48) or triangles. A few are made of oblongs, rhombs, 
pentagons, etc. 

(a) On base line, set off 
a number of equal divi- 
sions. At its extremities 
draw arcs of 60 degrees. 
Fig. 27«. (b) From every point of 
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division, with ruler and triangle, draw lines making angles of 
60 degrees with the base line. 

(c) Draw horizontal lines passing through the intersections 
of the oblique lines. Continue drawing parallel lines until the 
whole space 13 filled with equilateral triangles. 

Use the same methods as for the all over square pattern, 
Section 48. 

FIRST METHOD. 

& ft a s 



y 



si 



(o 



w 



Fig. 277. 

Free hand or with instruments, draw a number of small 
triangles, fig. 276. 

Considering the intersections of the lines as points, connect 

these points by new lines, (1), (2), (3), etc, fig. 277. 

SECOND METHOD. 
Draw a number of triangles larger than those in the first 
method. Select a unit of design from the following, or invent 
one of your own having few lines only. 



Fi K . 278. 

Units 6 and 7 are each grouped around center C. Unit 7 is 
taken from an Arab lattice pattern. 

Half tint, color, change some of the straight lines into curves, 
etc. Find in magazines and periodicals other all overs on the 
triangular pattern. 

In the Book : Draw a pattern for an oil-cloth, inlaid wood, 
or a mosaic. 
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CHAPTER VII. 
- SECTION 73. - 



SUPERPOSITION OF SOLIDS. 

Models : 1. A book for a base ; and 

2. A rectangular prism, a cylinder, a square pyramid, and 
a cone, to be placed upon that base. 

Use paper models already made, or else make others from 
clay, plaster, soap, etc. 

A solid may be placed : — 

1. Upon another. 2. Under another. 3. In front of 
another. 4. Behind another. 

1. Placing a solid upon another. 




Fig. 279. 

(a) Plinth or base, (b) Base and station of the prism upon 
that base, (c) and (d) Prism upon the plinth or base. 

The upper solid may be moved to 
any place upon the plinth. 



2^ZZ5 



>7/f7/*. 




Fig. 280. 

Work the other solids in the same manner. Ex.: 




Fig. 281. 



(3) 



Move the other solids to other stations upon the base. 

In the Book. Draw sketches similar to those in this section. 
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SECTION 74. 



SUPERPOSITION OF SOLIDS. (Continued.) 

Models : The same as in last Section 2, placing a solid under 
another. 




Fig. 288. 



Fig. 284. 



Place several models upon the plinth and sketch whatever 
parts are seen. Ex.: 

Arrange these solids differently ; 
draw them. 

In the Booh: Freehand or with 
instruments, sketch your own ar- 
rangement of one or of several mo- 

dels upon a plinth or base. 
x *g» *so. 




SECTION 75. 



GROUPS OF SOLIDS. 

Models. The same as in Section 73. 

8. Placing a solid in front of another. ~Pi 




s ■ •■* 








s 















Fig. 286. 



(a) 




(6) 
Fig. 287. 
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Note, ill the oblique lines of the same sketch must be 
parallel. Substituting other solids for the square prism, work 
in the same manner : 





(W 



Fig. 288. 



(0 



(&) 



Fig. 289. 




Note. The axes of the cone and of the square pyramid 
follow the slant of the oblique lines of the plinth. 

4. Placing a solid behind another : 





Fig. 290. 





Fig. 291. 




Fig. 292. 





Fig. 293. 



Change stations and positions; substitute one solid for 
another ; sketch several solids upon the same base, etc. Make 
other combinations. Ex. : 






In the Booh: 
the foregoing. 



Fig. 294. 

From the models, make a' sketch like any of 
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SECTION 76. 



PENETRATION AND INTERSECTION OF SOLIDS. 
Free hand, or with instruments : — 

FIRST METHOD. 

Extend the lines of the inner solid through the outer one. 
Examples from figures 279, 287, 283, and 289. 





From 279. 



From 287. 



From 283. 

Fig. 295. 



From 289. 



SECOND METHOD. 
Drawing the inner solid first. 

Z7I 




(&) 

Fig. 296. 





Fig. 297. 




^ 




(b) 
Fig. 299. 



(O 



Fig. 298. Fig. 299. Fig. 800. 

In the cone, fig. 298. (1) Draw the cone. (2) At the pro- 
per height, draw axes of upper ellipse. (3) Describe upper 
ellipse. (4) Work the remainder as in fig. 284. 

In the Book : Sketch a few examples similar to those in this 
section. 
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SECTION 77. 



OBLIQUE PROJECTION, AND WORKING DRAWINGS. 





Models. Same as in the preced- 
^ ing sections. Draw the working 
% drawings of fig. 301. 






•* i 




•^ 



Fig. 302. 



Answer : fig. 302. In the same 
; v manner draw the plans and eleva- 
-* tions of figures 281, 287, 288, 285, 
and 294. 



Placing the models at any station, sketch rapidly the oblique 
projection of: 




i 



0> 





(») 
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Fig. 308. 
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In the Book : Sketch similar examples, using models. 



SECTION 78. 



DECORATION. 
BORDERS. THE CROSS. 



Free hand, instrumental or both : 
Read "General Directions." Section 12. 
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Fig. 804. 



In the Book: Select two or three examples. Copy them 
with pen and ink or with colored crayons. Improve them by 
changing some of the straight lines into curves, double lining, 
half tinting, interlacing, adding conventional leaves, etc. 



SECTION 79. 



MODELS OF TRUNCATED PYRAMIDS. 
Make the models of clay, soap, etc. 
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Fig. 805. 

Paper Models. (1.) Draw the whole covering of the cone, 
or pyramid, as in Sections 67 or 68. 

(2.) On generating triangle, draw section line, V W, parallel 
to, and at the proper distance from the base. 

(3.) With D W as a radius, center D, describe arc X Y on 
the lateral surface. 

(4.) Finish as shown fig. 305. Add inner base, etc. 



DESIGN FOR A LAMP SHADE. 

At home, find the dimensions of an ordinary lamp shade. 

Supposing a lamp shade 5" high, diameter of upper circle 4", 
and diameter of lower circle 12". Find the right-angled triangle 
with which that pyramid is developed. 

(a) Plan. Radii 2" and 6" res- 
pectively. 

(6) Elevation A B W T. Extend 
j B W, and C V, until these lines 





S" 



<4> 



$ - - /£*- - M meet in D. Triangle C B D gives 

w 1 ^ le ra( lH D B for the lower base, 

J and D W for the upper base of the 



TiV 



A C 

Fig. 806. 



B * A — C B fc runca * ie< i pyramid. For the remain- 



rig. 807. der, see fig. 305. 

Fig. 307. Triangle for a regular hexagonal lamp shade. 
Same dimensions as for the cone. 
8 
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Draw the geometrical divisions and ornamentation before 
pasting. Use colored paper, or cut the design through as for 
stenciling, then paste transparent colored paper inside. Add 
fringes, pinking, etc. 



SECTION 80. 



PROJECTIONS OF TRUNCATED PYRAMIDS. 
Use models. Free hand, or with instruments. 





(J) 



(*) 



(8) Fig. 808. (*) 



<*> 



1. Draw the oblique projection of the whole pyramid. 

2. Work the upper base of the truncated pyramid as in (a) 
fig. 297, and in fig. 298. 

Draw the plans and elevations of examples (1), (3), (4) and 
(5) in fig. 308. 
Draw the oblique projection of the following : 

Kzy\ 




^' T^ ' ^ V/' *\/ 



Fig. 809. 



(*) 




^ 



In the Booh. Draw the oblique projection, and the plan and 
elevation of any truncated pyramid. 



SECTION 81. 



DECORATION. VASES. 

At home, or elsewhere, examine vases having simple out- 
lines; bring them to school; tell about the materials used in 
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their construction, their special uses. Find all the facts about 
their manufacture, by reading books, enquiring, etc. 

Measure the heights and the widths of vases, and the prin- 
cipal divisions of these dimensions. 

Observe closely the shapes of the different curves; their 
bases and altitudes. 

Take no notice of the ornaments of vases until you have 
analyzed their general outlines. 

Compare these three vases : — Find how many times A B is 
contained in A D. 







(J) 

Height, 1. 
Width, 1. 



Height, 1. Height, 1. 
Width, y t . Width, %. 
Fig. 310. 

With curves alike, what causes the last vase to look more 
pleasing than the other two ? 

Rule. The simpler the proportion, and the more easily 
detected by the eye, the less pleasing the effect. 

The proportion 1 to 3 is not the best, yet, 3 to 7, 5 to 13, etc., 
would be more pleasing still. 

The same rule applies to a curve : 

1. In regard to the proportion between the height of its 
altitude and the length of its base : 






Altitude, 1. 
Base, 2. 



Altitude, 1. 

Base, 3. 

Fig.SlL 



Altitude, 1. 
Base, 4. 



2. In regard to the place of the greatest altitude upon the 
base: 





lto2. 



lto3. 



Fig. 812. 



lto4. 
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3. In regard to the division of the whole base in a re- 
versed curve: 



Notice that great differ- 
ences in size, as £, £, etc. 
do not always produce the 
best curves. 





The pupil should select a 



i 

Fig. 813. 

graceful curve, and make, with it, upon his slate or paper, a 
vase at least five inches high, (two feet upon the blackboard.) 

Draw the left side of the vase, the rectangle; and then the 
right side which should be as nearly alike to the left as possi- 
ble. Hold the sketch at a distance, etc. 

When this sketch is satisfactory to the teacher, the pupil 
may be allowed to add ornaments. 

In circular vases, the lines of the ornaments are closer at 
the edges than at the center. 

In the Book : Draw the elevation of a vase : take anv of the 
following curves, or sketch those of a real vase. 










Fig. 314. 




SECTION 82. 



ISOMETRIC PROJECTION. 

Model : a cube. 

1. With the index finger «and the thumb, take hold of two 
of the farthest opposite corners of a cube. 

2. Hold these corners up and down; place the model in 
front of your eye ; then turn it until three of its faces appear 
equal. 
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3. The drawing of this cube as you see it now is called an 
isometric projection, fig. 315. Notice that lines A, B, and C are 
drawn as vertical lines, though the edges they represent are 
really oblique lines. Hold up a pencil, slanting it forward or 
backward, at a distance in front of your eye ; it will appear 
vertical: it is the same with some of the edges of the cube. 






f<0 (6) 

Fig. 815. 



(a) (b) 

Fig. 816. 






4. Repeating the same operation with the farthest corners 
of the cube placed right and left, will give fig. 316. 

Drawing an Isometric Cube.* 

(a) Begin with 
the solid right-an- 
'■Wf? c 0» c DJgled central corner 

\]^ >^JS^ X >*J!^' of the cube, mak- 
(a). Fig. 817. (6). (a). Fig. 818. (6). j n g three apparent 

angles of 120 degrees each. Then make the lines of the re- 
quired length. 

(b) Draw rhombs. 

Figure 318. (a) Draw vertical line A B. From center A, 
describe an arc in B C D. With the same radius, center B, 
describe arcs in C and in D. Draw lines B C, and B D, 
extended. 

(b) Make each line of the required length, construct rhombs. 



* We are all well aware that lines in the isometric projection are fore- 
shortened and that a special rule should be given to meet this case, but for 
the sake of simplicity, the length of every line has been given in full; this 
being approximately near enough for all practical purposes as intended in 
this course. 
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Changing oblique into isometric projection. 



*^9 

o ^ 



c 

i> 
a 



sib 






(1) (*) Fig. 819. (5) (A) 

Jw the Book : Draw the plan and elevation, the oblique pro- 
jection, and the isometric projection, of one of these or 
similar examples. 



SECTION 8& 



ISOMETRIC PROJECTION. THE CIRCLE, ETC. 

Do not draw all the following examples, but be able to draw 
them all. 




(6) 
Fig. 320. 



In the Book. Draw the plan and elevation, the oblique 
projection, and the isometric projection of any of the foregoing 



or similar figures. 
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SECTION 84. 

DIAPER PATTERN. THE CIRCLE. 
Models: Colored circles of two or three different sizes. 
Work according to " General Directions," Section 12. 
The following patterns are arranged on the square and on 
the triangular plan ; they are : — 

(a) Tangent in numbers (1), (2), (3), (G), (7), fig. 321. 
(6) Secant in numbers (4), (5), (S), etc. 



Spacing the circles and connecting them by lines would 
result in a number of new patterns. 

Suppressing part of the circles gives the scale and feather 
patterns (13), the double ogee (14), and other variations, (2), (3), 
(7), (15) (16), (17). 

In the Book: Make a design for a floor decoration, or a 
Btaiued gloss window, using circles as the unit. 

Add leafage, and other ornaments ; color, etc. 
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CHAPTER VIII. 



SECTION 85. 



ELEVATIONS. ROUGH SKETCH. 

Buildings, articles of furniture, etc., are solids, and are 
generally ornamented with mouldings. 
Rough sketch : 

Projections. Heigh* (fl) Draw j.^ A fi representing the 

edge of the object without mouldings. 
5_ On a large scale, make a rough sketch 
of the mouldings. To see them better, 
look at the corner of the object. It 
does not matter if you have the true 
proportions between the different parts 
or not, so long as each moulding can 
be recognized easily. Add line C D, 
v . 01 . and horizontal lines. 

t ig. 814. 

Measuring. (6) With ruler and triangle, find the heights 
of all the mouldings. Mark these heights on the right of A B. 

To find the projections, place a vertical ruler, C D, against 
the most projecting moulding, and measure the distance of 
each moulding, from the ruler, C D. Write dimensions on the 
left of A B. 

Work incised objects by a similar process. 

It takes some ingenuity to do this exercise properly, but it 
is well worth trying. 

In the I$oolc : Do not copy fig. 314, but select a real pedestal, 
cornice, post, mantel, article of furniture, etc. (not too difficult), 
and make a rough sketch of its elevation. Write dimensions. 
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SECTION 86. 



ELEVATIONS. SCALE. 

In &full size scale the lines on the drawing are as long as 
the corresponding lines on the object. 

In an enlarged scale the lines on the drawing may be 2, 3, 
4, etc., times their real lengths on the object. 

In a reduced scale the lines on the drawing may be £, J, £> 
etc., of their real lengths on the object. 

In a £ scale, 6" represents 1'. 

A i scale = 4" to 1'. 

A I scale = 3" to 1'. 

A £ scale = 2" to 1'. 

A I scale = 1 J" to 1'. 

A tV scale = 1" to 1'. 

A ft scale = \" to 1'. 

A ft scale = i" to 1'. 

A ft scale = £" to 1', etc. 

All the scales in which the foot is a unit have one of these 
divisions subdivided into twelfths, and are used exactly as the 
1" to 1' scale, Sections 25 and 26. 

Rough sketch of fig. 314 drawn to a scale. 

c a* Before attempting to 



(a) 



ID 



JC..A 






t-"F 






b ■=.•=.-.* 






I 



^ 



^ 



^ 



: draw anything, find the 
- size of the paper, and of the 
= object, allow for a proper 
margin all around the draw- 
= ing; select the most suita- 
ble scale; then: 

(a) Draw line C D, and 
upon it mark the heights 
of the mouldings. 

(b) Draw horizontal lines through points of division on C D. 

(c) From line C D, draw the distances of the straight-faced 
mouldings (fillets, plinths, etc.) 



vonsr 

Fig. 315. 
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(d) Add the curved mouldings. 

Use compasses whenever possible; otherwise, draw the small 
curves free hand. Ink or line in. Work in the same manner 
the rough sketch you made already. 

Notk. The whole class may have the same subject, or each pupil a 
different one. 



SECTION 87. 



ABSTRACT CURVES. SPIRALS. 

Models: With iron or copper wire, make several pair of 

spirals, each pair of a different size and shape. If wire is not 
at hand, cut stiff paper as in fig. 316. 

EXERCISES. 

1. Arrange the spirals as in fig. 317. Find other combina- 
tions and draw them rapidly. 





Fig. 816. 



Fig. 817. 



Give special attention: (1) To gracefulness of curvature. 
(2) To the tangential union of lines. (3) To the balancing 
of lines. 

Borders : 












*55l! 




*£P§^4 
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Fig. 318. 
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2. Draw the left side, then the right side of: 

(I) (*) (5) (A) (5) Fig. 319. (0 (0 (S) '<*) W 

These spirals are used in the main or construction lines of 
designs for scrolls, panels, metal crestings, and other works. 
They are not regarded as enclosing forms. 

Add double lines, conventional leaves, etc. 

On a large scale, draw one of the examples in figs. 318 and 
319. Add double lines, crochets (side ornaments which are 
like thorns on a rose twig), etc. 

Use the arm movement Draw boldly and rapidly. 



SECTION 88. 



PLANS OF HOUSES. ROUGH SKETCH. 

Note 1. The aim in teaching plans and elevations is not to train pupils 
to become architects, bat to enable them to read and draw general working 
drawings, such aa are published daily, even in newspapers and magazines. 

Note 2. Houses and their details have been selected, because they 
are more readily at hand, and are easier to draw than machines and their com- 
plicated parts. 

(a) Oblique projection 
of the house. The build- 
ing is supposed to be cut 
through horizontally a lit- 
tle above the window sills, 
and its upper part taken 
off 

(b) Lower part of sec- 
tion showing the thickness 
of the walls, places of the 

Pig, 820. doors, windows, etc. 

(c) Plan of first story ; D, D, doors ; W, W, windows. 

(d) Front elevation. 
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A house may have : — 

1. One, or several elevations called: front, rear, right side, 
left side, north, south, east, west elevation; or elevation on 
such or such street, etc. 

2. One, or several plans called: basement, first (second, 
third, etc.) story, attic, roof. 

3. One, or the several vertical sections: a longitudinal sec- 
tion represents the interior of the house as it would appear 
after being cut vertically from front to rear, and one-half of 
the building removed. In a cross section, the house is supposed 
to be cut vertically from the left to the right. The front part 
being removed, the other part shows an elevation of the interior 
of the house. 

Plans of the different stories are really horizontal sections. 
Details are parts of a drawing, usually full size, or on a large 
scale, for the use of the workman. 

Parts of a Dwelling House: 



Door. 
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Window Muuion Window 



J Window J 




Window! 
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A, A, A, landings; B, B, stair wells. 
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Fig. 321. 
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Make a large free hand sketch of the plan of your school 
house, or, of a private house. 

If too large, draw only the principal parts of the building. 

Draw : — (1) The general outlines of the house. (2) The 
thickness of the outer walls. (3) The partitions, rooms, halls, 
closets, stairs, porches, outside steps. (4) The doors, windows, 
fire-places, sinks, etc. 

Do not rule. Bo ttot 'measure. Draw the exact number of 
outside steps. 

In the sketch of the house, lines representing stairs five or 
six feet from the floor are dotted; omit these dotted lines en- 
tirely, if they interfere with closets, doors, etc., under the stairs. 

Write the names of the rooms: Hall, Parlor, Bedroom, 

Closet, etc. 

Do not include in your sketch any piece of movable furni- 
ture. 



SECTION 89 and 90. 



MEASURING THE DIFFERENT PARTS OF A HOUSE. 

Having in hand the rough plan of the house sketched in last 
lesson. 

Measure, and write at the proper places: 

(1) The lengths of the outer lines of the house. 

(2) The thickness of walls and partitions. 

(3) The size of rooms, closets, halls and stairs. 

(4) The size of doors and windows, and their distances 
from corners or other points. 

(5) The dimensions of porches, steps, fire-places, sinks, 
wash basins, etc., and their distances from other points. 

Remember: 

1. To measure the real, sizes of the walls, without mould- 
ings. 

2. That the opening for a door is just the width of that 
door. 

3. That the width of a window, equals the width of its 
sash. 
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4. To use two rulers and the protractor to find the angles 
made by the walls of a bay window. 

5. To count the number of steps, and find the size of their 
treads. 

Measure, do not guess. 



SECTIONS 91 and 92. 



DRAWING THE ROUGH SKETCH TO A SCALE. 

1. Find the best scale to use by comparing the size of the 
building with that of your paper. 

2. Leave an ample margin all around your plan. 

3. Draw the outlines of the outside walls to a scale. 

4. Add the thickness of the walls. On your paper do not 
give different widths to walls of the same thickness. 

5. Draw partitions for rooms, halls, closets and staircases. 

6. Add porches, steps, fire-places, sinks, etc., 

7. Add doors and windows. 

No free hand lines. Do not guess. 
Use scale, ruler and triangle. 



SECTIONS 93 AND 94. 



Turn the plan so that the front of the house wiU face the 
lower edge of the paper. 

1. Lettering. Print the name and the dimensions of each 
room, porch, etc., in the center of the space alloted to it. 

Use small letters and figures of the simplest kind. Do not 
slant them. Ex : 

parlor. 

14' 8" x 18' 9". 
Print in the lower margin: 

PLAN OF COTTAGE, NO 3T. 
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Or should the house have several stories: 

PLAN OF FIRST STORY 

Of Jtouse, f/o 5t. 

Print in the lower margin : 

Seal?: f/am? of pupil, 

NAME OF SCHOOL. 

2. Either line in, or ink the drawing. 

Inking. Use a drawing pen. Do not fill it too much, or let 
the ink dry in the blade point. If the ink refuses to flow, 
stroke the pen point on a bit of soft paper, rag, etc. Wipe 
often the ruler and the outside of the blades of the pen, to keep 
them dry, thus preventing the ink running down and blotting 
the paper. 

Always try the pen upon a piece of paper, before inking a 
line on the drawing. Ink the curved lines before the straight 
ones. 

Lines are of four kinds : — 



1. Poll. 2. Broken. 3. Dotted. 4. Broken and dotted. 

In sizes, each is either fine, medium, or heavy. 

Before trying to ink your plan, practice until you are able 
to ink tolerably well. 



SECTION 95. 



LIMITATIONS IN DESIGNING. 

The same design must be modified to suit different materials 
and the manner of working them. 

Make your drawing slender or coarse according to its being 
intended : — 
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1. For printed or colored flat designs, as wall papers, 
fresco work, stenciling, printed goods, illustrations, lithographic 
work, window shades, and other flat surfaces. 

2. For carving in wood, plaster, stone, and other half relief 
work. 

3. For cast, pressed, and embossed work, in clay, leather, 
tin, zinc, sheet iron, brass, papier mache, etc. 

4. For turned and sawed work : brackets, handles, vases, 
scrolls, etc. 

5. For incised designs, cut into stone, metal, glass, etc. 
Another limitation is the place the ornament is to occupy. 

1. Often a decoration for a wall will not answer for a floor. 

2. Decoration to be seen at a distance, in an elevated 
position, or in a dim light, must have coarser lines and fewer 
details than if it were to be seen nearer or in a bright light. 

Exercises. 1. Taking as a unit any form in Section 87, 
and ornamenting it, make several rough freehand sketches, 
showing how you would make that same design if the 
materials were (a) Paper, (b) Wood, (c) Metal, (d) Marble or 
stone, (e) Stucco. 

2. After school hours, pencil in hand, find and make 
sketches of other units. Notice how they are treated on 
account of material, the manner of working them, and the 
places they occupy. Draw the pattern to a scale. Give the 
height in feet and inches. 
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DESIGNS FOR INVITATIONS, ETC. 

Make a design for one of the following subjects : — 

1. An Illustrated Invitation : (a) To a lunch, tea, dinner' 
party, (b) To a club party ; boating, lawn tennis, and other 
out-of-door entertainments. 

2. An Illustrated Programme : For musical and literary 
entertainments ; for graduating exercises ; for a banquet, an 
anniversary, etc.; a bill of fare. 
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3. Compliments of the Season : Christmas, Easter, Birth- 
day, etc. 

4. A Book Mark, to accompany the donation of a book to 
a friend. 

Print in full the invitation or programme, using quaint 
letters, monograms, etc. Do not draw anything foreign to your 
subject. Make everything fit the occasion. 

The illustrations may be traced or sketched in colors, pen 

and ink, etc. 

^^ • 

Find the most approved size and shape for your design. 

Procure a box, some envelopes, or a scrap book, in which to 
preserve clippings from art, illustrated, and daily papers. You 
are sure to find a great deal of use for such a collection. 



/ / 
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CHAPTER IX. 



APPENDIX. 



SHADING. 
SKETCHING FROM NATURAL FORMS. 



SECTION 97. 



SHADING. 

In Industrial Drawing, the light is supposed to come over the 
left shoulder, striking, at an apparent angle of forty-five de- 
grees, the vertical and horizontal edges and faces of solids. 

Thus, the front, upper, and left faces of a cube, (a) fig. 
323, are said to be in the light; the lower and right faces, in 
the shade, (/), fig. 324. 

Light and shade appear to vary with the distance. The far- 
ther the object is, the less bright the light, and the less dark 
the shade. This, with the apparently reduced size of distant 
bodies, enables us to guess at the distance of objects. 

Several kinds of lines are used to express these different 
degrees of light and shade. 

Exercises. Pen and Ink, or a very soft pencil : 





Fig. 32J. 

Rules for Shading. 1. Use the arm movement. 

2. Draw the lines as nearly parallel as you can. Practice 
until you find the right kind of pressure to give your pen or 
pencil, according to the shade you wish to make. 
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3. For pen and ink work, hold your pen so that the two 
blades of its point will bear equally upon the paper. Hold the 
penholder in the direction the line is to take. 

4. A strong shade is produced by coarse, dark, close lines, 
vice versa for a light shade. Do not allow your pen to become 
nearly dry, if you wish to have an even shade. 

Straight lines are used for flat surfaces; lines more or less 
curved, for round or warped surfaces. 

C. The difference in light is produced by drawing very fine 
and faint lines at the farther end of the lighted surface, (a), fig. 
323; this difference should never amount to a shade. 

7. The farther edge of a shaded surface vriust not be made 
darker than the next line of the shade, (c), (d), (/), fig. 324. 

8. Do not draw zig-zag lines for smooth surfaces. 

9. Draw very light Unas for the edges in the light Omit 
drawing any line at all when the shade lines show sufficiently 
the edges of the solid. 




(a) (b) 

Fig. 323. 




Fig. 324. 



In the Book: Draw the foregoing or similar examples. 



SECTION 98. 



SHADING. CYLINDERS AND CYLINDRICAL FORMS. 

1. Have a cylinder, or make one by rolling and pasting a 
piece of thick white or yellowish paper. The bases are not 
necessary. 

2. Place the cylinder in positions and at stations shown 
in fig. 325, letting the light strike the solid as in the cube, 
Section 97. 

3. Notice that the darkest shade is not at the edge of the 
cylinder but close to it. The same applies to the light; the 
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brightest streak of light is not at the edge of the cylinder, but 
close to it; hence, the necessity of drawing a few faint Hues in 
order to make a difference in the light. 

Do not draw dark lines on the lighted surface of the solid. 

Rapidly, free hand, copy the following: 




<*) _ (&) 

Fig. 825. Fig. 826. 

In the Book : Free hand; sketch and shade rapidly: 




<J) 



Fig. 327. 



W 
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SHADING. PYRAMIDS AND SPHERE. 

The faces of a cone or a pyramid are shaded like those of a 
cylinder or a prism, except that the shading lines of the cone 
or pyramid converge towards the vertices of these solids. 

A sphere is represented by a circle. Shade the sphere in 
order to distinguish it from the circle. 

In (6) fig. t328. A should be the brightest point and B the 
darkest. The surface near the outline of the sphere should be 
less bright at C than at A, and less dark at D than at B. 

Avoid dark shading: a light touch looks better than a 
heavy one. 
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Draw several times : 




In the Book; Shade a sphere. 
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DISTANCE. COMPARATIVE LENGTHS. 

Repeat the drills in this and in the next two sections, a few 
minutes every day, until you can guess dimensions pretty 
accurately. 

To the Teacher. (1.) Cut a number of slips of paper 1 inch 
by 4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 18, 20, 21, 24, etc inches 
respectively. 

(2.) Write the proper length on the back of each slip. 

(3.) Hang two or more of these slips, in such a way as to 
conceal the lengths marked on the acks. 

(4.) Call the shortest slips A; another B; etc 

(5.) Let the pupils gUessand write the number of times A is 
contained in B, in C, etc Then, tell them the lengths of the 
slips. 

(6.) Repeat the same exercise with : 

(a) Horizontal lines. 

(b) Horizontal and vertical lines. 

(c) Horizontal and oblique lines. 

(d) Vertical and oblique lines. 

(e) Oblique lines running in different directions. 

In the Book: Draw, free hand, a cylindrical or a conical ob- 
ject ; as, tin cup, collar box, pencil, roller, tumbler, drum, tea-pot, 
pan, moulding, etc. 
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Ouess the comparative height and width of that object. 

Aim not at perfect lines, bat to give, with a few rough strokes, a fair 
idea of the object sketched. 

Samples: 




Fig. 829. 
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DIRECTION. ANGLES. 

Free hand. No instruments. 

1. Draw right angles in eight different positions : 






/\y<> 



Fig. 890. 

2. Draw angles of forty-five degrees, in eight different po- 
sitions: 

T:\ >Jt i> ft* x£j xj ^ £s> 



Fig. 331. 



3. 

tions : 



Draw angles of thirty degrees, in twelve different posi- 



f. \ W'^&yw K' 7 *■* *• <*«■ 



Fig. 832. 



4. Draw angles of sixty degrees in twelve different positions: 
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MSL^A^ Find the othera 

Fig. 333. 

Draw in several positions: 

5. Angles of 135, 120 and 150 degrees. 

6. Draw angles of 15, 10 and 5 degrees. 



y 


\ 


• \ 


k 
\ 


A 






* 
t 


•i 

i ' 

I 


\ 
« 


A 
V 


» 




Nj/a*"? 




i 


\;«or 


\ 


1 ^^ 


^tifO' 


t 

• 


— x&C 




V) 



(f) 



(*) 



(U) 



W 



Fig. 834. 



Application. Models: splints; ivy, maple, etc., leaves. 




/^xO 



:f 



« •» 




(a) Place a leaf flat upon 
the desk; arrange splints 
all around it and one splint 
through the center. 



Fig. 336 



(c). 



(b) Draw A; then, in succession, B, C, D, E, and F, observ- 
ing the angles the splints make, and how many times and parts 
of a time the smallest line is contained into the others. 

(c) Sketch the real curves, and, a few of the principal veins. 
In the same manner, work the leaves of other plants. 

In the Book: Press a natural leaf, when dry, paste it in the 
book. Block it in with straight lines. Under this, enlarge or 
reduce proportionally the blocking in lines, and, within these, 
sketch the natural leaf. 
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DIRECTION AND DISTANCE. TRIANGLES. 

To the teacher, (1.) Cut equilateral, isosceles, and scalene 
triangles having sides of the following lengths: — 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 21, 24, etc. inches respec- 
tively. 
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(2.) On the back of each triangle write the number of 
inches of each of its sides; and the number of degrees of each 
of its angles. (Use protractor). 

(3.) Draw a coarse 4" line upon the face of the triangle. 
(4.) Let the pupils draw each triangle in the position it is 
placed at the board, giving the number of degrees of each angle, 
and the number (and fractions) of times the 4" line is con- 
tained in each side of the triangle. 
(5.) Then, tell the dimensions. 
Applications: 1. Broad-neck Borer: 

ft (a) Drew height, and divide 

it according to the vertical 
lengths of the different parts of 
the insect. 

(b) Draw widths in propor- 
tion to the vertical lengths. 
w w Pii.m " Block in. 

(c) Draw the real outlines of the insect. Erase operation 
lines. Line in. 

2. White-lined Sphinx Moth: 





(J) Fig. SSS. (e) (Moth.) 

Sketch one or several insects, from the model. 
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SECTION 103. 



MECHANICAL DEVICES. 

There is a number of mechanical devices to ascertain the 
comparative lengths, and the direction of lines. 

The following are frequently used: — 

The pencil in hand measurement 




i 



^- 



Fig. 889. 



(1.) Shut one eye; 
steady yourself against 
the back of your seat. 

(2.) Always hold the 
pencil at full arm's 
length and parallel to 
your face. 

(3.) Let a, the end 
of the pencil, cover, exactly A on line A B, seen at a distance. 

(4.) Move your thumb up or down the pencil, until at 6, it 
covers point 6, on distant line A B. 

(5.) Keeping your hand always at the same distance from 
your eye, find out how many times this line a b is contained in 
the other lines of the same object. 

(6.) Remember that these measurements are to ascertain the 
proportion only of objects, and not their real size. 

2. What the pencil-in-hand measurement is for the compar- 
ative lengths of lines, the following instrument is for angles: 

Make it with two strips of cardboard 
fastened together at one end. 

Use it as the pencil-in-hand device. 
Sit erect, one eye closed, hold the strips 
at arm's length, keeping them always 
parallel with your face. Open or close 
the slips, to make this paper angle fit 
the angle seen at a distance. 



/ / 

r / 



Fig. 340. 
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Draw angles, triangles and other polygons upon the black- 
board, and measure them. Use models of Section 102. 



3. The Diascope. Through 
the center of a 5" x 7" 
piece of cardboard, cut an 
oblong 3" x 5". Divide this 
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opening into square inches, 
by vertical and horizontal 
intersecting threads, fig. 
341. 



Fig. 341. 



Using this card as directed for the pencil in hand device, 
imagine that the object seen through the diascope is only drawn 
or painted upon it. 

Sketch that view in an oblong divided in the same manner 
as the diascope. 
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OUTLINES OF ||ld UStrJ3 1 I] 1*3 Ullll Q ,BY PAUL A. CARIH. 

PRIMARY COURSE. 

* 

An Elementary Manual for Teachers. Profusely Illustrated. 

1 18 Pages, 8vo., Cloth, 70 Cents. 



coarse in industrial drawing has already been adopted by 
>ral County Boards of Education and by many Teachers 
™gh out the State. 

It complies strictly with the intent of the School Law of the 
e of California. 

It does not require a special set of copy-books iu drawing; a 
i, black board, paper, or any kind of a blank book may be used. 
It may be taught iu connection with any other system of 
.atrial drawing. 

It is written for Self- In struct ion aud does not demand arllttie 
lifications. By following closely its directions from beginning 
i.u end, anyone can teach it- 
It contains — 

A series of graded and practical eiercises upon position, ({fraction and 
distance; methods for drawing straight and curved lines; the circle and its 
divisions; the ellipse, oral, and spiral; tlie symmetrical divisiousof surfaces; 
the construction of angles and simple geometrical figures, etc. 

Diagrams for design; the transformation of straight into curved lines; 
the modifications of corners, linen, and surfaces. 

An introduction to mechanical perspective by which a number of prismntio 
models can be easily, drawn. 

Its simplicity, gradation, and adaptability commend it to all City and 
Country Schools. 

Mailed on receipt of the price, 78 cents, by 

W. B. HARDY, Publisher, 

961 Broadway, Oak/and, Cal. 
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OUTLINES OF 



Industrial Drawing, 



BY PAUL A. CARIN. 



GRAMMAR COURSE. 

A Text-Book for Grammar Pupils. Profusely Illustrated. 
1 40 Pages, 8vo., cloth, 75 Cents. 




T contains : 

1. Thorough drills in the rise of Drawing Instruments (Ruler 
and Triangle, Compasses, Scale, and Protractor). 

§^^ 3 ' 2. A number of Geometrical Problems. 

3. Directions for the making of all kinds of paper Prisms 
and Pyramids. 

' 4. Graded Exercises in — 

Oblique Projection (Mechanical Parallel Perspective), Isometrio 
Projection (Mechanical Angular Perspective), Orthographic Pro- 
jection (Working Drawings, Plans and Elevations). 

5. Easy lessons in Decoration, in Free Hand, in Shading, in Sketching 
from Natural Forms, etc. 

This is not a book for a few talented pupils, but for the majority of 
children. All can learn its contents as* easily as those of any other school 
book. 

Mailed on receipt of the price, 75 cents, by 

W. B. HARDY, Publisher, 

961 Broadway, Oakland. 
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